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FIGURE 1

SEQ ID NO:1

AllelicVariants:C/T

Genbank Genomic Sequence [D: NT_009775.13

Coordinates of Mutation on Genomic Sequence (start-stop): 2135728-2135728
NCBI dbSNP ID (if any): 7955146

CCCTCAGAGTGACTGAAGGAAATTCAGAGAAGAGCTGACACCTAAGTTGTAG
ATTTTGCCYGAACAGGTCAGTTGACTGGCRGCTATAAACCTAACCCCCAAAT
CTATGTCAAGCTCATCG

SEQ ID NO:2

AllelicVariants: G/A

Genbank Genomic Sequence 1D: NT_009775.13

Coordinates of Mutation on Genomic Sequence (start-stop) :2135749-2135749
NCBI dbSNP ID (if any): 3741981

ATTCAGAGAAGAGCTGACACCTAAGTTGTAGATTTITGCCYGAACAGGTCAGT
TGACTGGCRGCTATAAACCTAACCCCCAAATCTATGTCAAGCTCATCGAGGA
GTGCACCGACCTGCAGA

SEQ ID NO:3

AllelicVarants: G/A

Genbank Genomic Sequence [D: NT_009775.13

Coordinates of Mutation on Genomic Sequence (start-stop): 2135978-2135978
NCBI dbSNP ID (if any): NONE

ATGTATGGCCCTCCCACCAGGCCTGGTGGGTCCTGTCTCGACTGGGAGCAGA
GGAGGGGTRGGGGGAGGAGAGAAAGAAGGGAGTGAAGGGAAGAGGAGGGG
GAGTGGTGGAGGGAAATAG

SEQ ID NO:4

AllelicVanants: G/A

Genbank Genomic Sequence [D: NT_009775.13

Coordinates of Mutation on Genomic Sequence (start-stop): 2144072-2144072
NCBI dbSNP ID (if any): NONE

ACTGAATCCAGCTGCAATGCAGGAAGACTCCCTGATGTGATCATGTGTCTCA
CCCTTTCARGCTGAAAGCAACAGTRCAGACGATGAGACCGACGATCCCAGGA
SGTATCAGAAATATGGT




U.S. Patent Jul. 28, 2015 Sheet 2 of 33 US 9,090,947 B2

FIGURE 1 cont.

SEQ ID NO:5

AllelicVariants: G/A

Genbank Genomic Sequence ID: NT_009775.13

Coordinates of Mutation on Genomic Sequence (start-stop): 2144088-2144088
NCBI dbSNP ID (if any): 2177979

ATGCAGGAAGACTCCCTGATGTGATCATGTGTCTCACCCTTTCARGCTGAAAG
CAACAGTRCAGACGATGAGACCGACGATCCCAGGASGTATCAGAAATATGGT
TACATTGGAACACATG

SEQ ID NO:6

AllelicVariants: G/C

Genbank Genomic Sequence ID: NT_009775.13

Coordinates of Mutation on Genomic Sequence (start-stop): 2144116-2144116
NCBI dbSNP ID (if any): 1051042

GTGTCTCACCCTTTCARGCTGAAAGCAACAGTRCAGACGATGAGACCGACGA
TCCCAGGASGTATCAGAAATATGGTTACATTGGAACACATGAGTACCCTCATT
TCTCTCATAGACCCAG

SEQ ID NO:7

AllelicVadants: G/A

Genbank Genomic Sequence ID: NT_009775.13

Coordinates of Mutation on Genomic Sequence (start-stop): 2144321-2144321
NCBI dbSNP ID (if any): 2660

GGGCTCCAGTGTTATCTGGACCAGTTCCTTCATKTTCAGGTGGGACTCTTGAT
CCAGAGARGACAAAGCTCCTCAGTGAGCTGGTGTATAATCCAGGACAGAACC
CAGGTCTCCTGACTCC

SEQ ID NO:57

AllelicVariants: C/G

Genbank Genomic Sequence [D: NT_009775.13

Coordinates of Mutation on Genomic Sequence (start-stop): 2131025-2131025
NCBI dbSNP ID (if any): 1015542

TAACGCATGCCTGTAGTCCCAGGTATTCAGGAGGCTGGGGCAGGAGGATC
SCTTGAACCCAGGAAGTTGAGGTTGCACGAGTCATGATCATGCCCCTGCAC
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SEQ ID NO:58

AllelicVariants: G/A

Genbank Genomic Sequence ID: NT_009775.13

Coordinates of Mutation on Genomic Sequence (start-stop): 2133961-2133961
NCBI dbSNP ID (if any): 757398

GACAGGAAGTGTAACCTCTCAGAGGCTCCCTTGCCACATCAGGAGAATTGR
TAAAACCACACTACCTGTATCATATCATTATTTTAAGTGATAAATGATCA
SEQ ID NO:59

AllelicVariants: C/A

Genbank Genomic Sequence [D: NT_009775.13

Coordinates of Mutation on Genomic Sequence (start-stop): 2139587-2139587

NCBI dbSNP ID (if any): (unknown)

TAGCATTAGGTATATCTCCTAATGCTATCCCTCCCCAATTCCCCCCACCCMGC
TTGTTGGTATTTGTATATCTTCATTTGAGAATTCTCTGTTCATGTCCT

SEQ ID NO:60

AllelicVanants: T/G

Genbank Genomic Sequence ID: NT_009775.13

Coordinates of Mutation on Genomic Sequence (start-stop): 2144294-2144294
NCBI dbSNP [D (if any): (unknown)

GTGCATCTTGGGGGAAAGGGCTCCAGTGTTATCTGGACCAGTTCCTTCATK
TTCAGGTGGGACTCTTGATCCAGAGARGACAAAGCTCCTCAGTGAGCTGG

SEQ ID NO:61

AllelicVariants: A/G

Genbank Genomic Sequence [D: NT_009775.13

Coordinates of Mutation on Genomic Sequence (start-stop): 2144985-2144985
NCBI dbSNP [D (if any): 7135577

GAAAAATTATAGAACCTCCCTGTGTGACACAGCAGCCACTAGCCACATGTR
TCAAATGCTTAAAATGTAGCTAGTCTAAATCTACATGTGCTGTGAGTGCA

SEQ ID NO:62

AllelicVanants: C/T

Genbank Genomic Sequence ID: NT_009775.13

Coordinales of Mutation on Genomic Sequence (start-stop): 2156523-2156523
NCBI dbSNP [D (if any): 7968145

ATGCTTCTATAGGCTTTTCTCACTGATGCTCTCTGGGCAGACAGGCTCCTY
AATATGAGAGTGACACACACTCCTTTCTTCATTTTCAGGTAAACCTCACA
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SEQ ID NO:63

AllelicVarants: A/- (A or deletion of A)

Genbank Genomic Sequence [ID: NT_009775.13

Coordinates of Mutation on Genomic Sequence (start-stop): 2156595-2156595
NCBI dbSNP ID (if any): (unknown)

CCTTTCTTCATTTTCAGGTAAACCTCACACTGGTTGGCAGAAGGAACTAT(A-)
CCAATAATTAGTGAACATGCGGTGAATTTGCAACAGACAAGASGAGCCTC

SEQ ID NO:64

AllelicVarants: G/C

Genbank Genomic Sequence [D: NT_009775.13

Coordinates of Mutation on Genomic Sequence (start-stop): 2156638-2156638
NCBI dbSNP ID (if any): 7967461

GAACTAT(A-)CCAATAATTAGTGAACATGCGGTGAATTTGCAACAGACAAGAS
GAGCCTCATTATCCTATAGTTTCCAGGTTGCTTAGGGAGGCAGAAATCAC

Bold, singly underlined bases represent the particular allelic variant identified by each
SEQ ID NO. Doubly underlined bases within SEQ ID NO: 1, 2, 4, 5, 6, 60, 63 and 64
represent overlapping mutations within the defining sequence that are identified by
another of the provided SEQ ID NOs. As an example, the defining sequences provided
for SEQ ID NO:1 and SEQ ID NO:2 overlap within the genomic sequence and thus their
sequences each contain both mutations identified by SEQ [D NO:1 and SEQ ID NO:2.

In SEQ 1D NO:63, the mutation is states are alternately an A or a deletion of the A at the
position indicated as denoted by (A-).

Degenerate nucleic acid codes:

R=A/G
Y=C/T
S=C/G
K=G/T
M=A/C
W=A/T
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2130000 GGCTGCAGTGAGCTAAGATTGTGCCACTGCACCCCAGCCTGGGCAACAGAGTGAGACCCT
2130080 GTCTCAACARAATARAATARATATATTTTGAATTAAATTAAAATGAAAAAACAGCCTATCA
2130120 ARAAGTGTGGGATGTAGTGAAAGTAGTGTTTAGAGGGAARAGTTATAGCATTGAATGCATA
2130180 TATTAGGAGRAGAARGATCTAACTCAGAGAGGGATGAACAGGTGAGGCATAGGGGATTTT
2130240 AAGGTAGTGAAACTCTTGCAGGGCAGGGGAGCCCCARAACTGGGACACCGTCCGGGAAGE
2130300 CTCTTGGCTTCGTCCAGGAAGGAATTCAAGGGTGAGCTAGAGGAGGAAGAAAAAGGTTTA
2130360 TTGAGGCAGCAGGGTTACAGTTCTCTGACTGTCCCTGCAGAGCAGGGCCACCCCATAGGC
2130420 AGTGCCTGGAGAGCAGCAGCTCAGGGCACTTCTATAGTCACATTCATACCCACTTTTAAA
2130480 TACGTGCAAATTAAGGGCAGGTTATTCAGAAATTTCTAGAAGAAGGGTGGTAACTGGGTC
2130540 ATTGCCAGGGAATGAGTAAACTGTTCATGGTGCTGGTGCTCATGCCAGCCAGTCTTCRAAT
2130600 CTGGCCCTGAGTCAAGCCCCACCTCCTATCTCARAACTATTCTGCATGGTGCTGTAATGG
2130660 TGGATACATGACATGTTATGTTTGGCAARATCCATAGAACTGTAGGACACAAGAGTGAAC
2130720 CTTAATGTAAACCTTAATGTAAATGGACTTTTGTTAATTATGATGTATTAATATCAATTC
2130780 ATCAATTGTAACAAATGTATCACAGTACTGTTAATAATAGAGGAACTTATTGGCAGGAGA
2130840 GAGAGCTTATGGAACTCTCTGCACATTCAGCTCAATATTTCTGTAAGCCTARARCTGCTG
2130800 TGAGARATAAAATCCAACCTGGGCAACATAGCAAGACCTTGTCTCTACAAAARAATAAAAA
2130960 ATGAGCTGGGTGCAGTAACGCATGCCTGTAGTCCCAGGTATTCAGGAGGCTGCGGCAGGA
2131020 GGATCCCTTGAACCCAGGAAGTTGAGGTTGCACGAGTCATGATCATGCCCCTGCACTCCA
2131080 GCCTGGATAACAAAGCAAGATCCTGTCTCCAAAARATAATARAATAARATARARATCTAC
2131140 TAATTGAAAGGGAAARARAGCATAGTATAATACCATTCTTAACAAARAGARMAGAGRACCTG
2131200 TGTTTGTGTGTGTGTTAACATTTGAAAAAAATCTGGAAAGCTCTATATCAARACGTTTAT
2131260 AGAGGCAATTTTGTAGTGTTAGAATCATAGATGATCTTTCCACTTCCTGGTTTTITCTGAC
2131320 TTTTTTTCTTTTTGCAGTGGGCATGTATTGCTGGAAAATACCACAGACAACTGTGAAAGG
2131380 ATTTCATCAACAACAAAANARMAGATARAGAAGGAAACACAAARATCTGTTAARTAAGATTT
2131440 ATGTTGGCTGGAGGTTAAAATGCATTTCCAGAGCAGAGTTCAGAGAARGGCTGGGCTGCT
2131500 TGTTGCTGGCTAAAGGACAAAGGGTAAGTTTCAGGARGCAGARAGAGTGAGCAGATGARAT
2131560 TCAGCACTGGGATCAGGGGAGTGTCTGATTTGCAAAAGGAAAGTGCAAAGACAGCTCCTC
2131620 CCTTCTGAGGAAACGARACCAACAGCAGTCCAAGCTCAGTCAGCAGARGAGATAAAAGCA
2131680 AACAGGTCTGGGAGGCAGTTCTGTTGCCACTCTCTCTCCTGTCARTGATGGATCTCAGAA
2131740 ATACCCCAGCCAAATCTCTGGACAAGTTCATTGAAGACTATCTCTTGCCAGACACGTGTT
2131800 TCCGCATGCARATCAACCATGCCATTGACATCATCTGTGGGTTCCTGAAGGAAAGGTGCT
2131860 TCCGAGGTAGCTCCTACCCTGTGTGTGTGTCCAAGGTGGTAAAGGTGAGTCCAGGCCTGC
2131920 CTGGCCAGGGGAGGGGTGGCTGARTGTGCAAGAGTTGAGATTGAGARATGAGAGAGAGAGA
2131980 GAGAGAGAAGCAAARACCTAGARCCCAGGGTGCAAATGTGAGTACAGAGAGCTGAGATCT
2132040 TCTGGGATGGTGGTTTCTTATTTATCCACACAGCATGTTARRATAGATTCTGGGGTGARA
2132100 TCCTACATCCCTATTATTAACAARGTGACCCTCCCCCCTACTTCCCGCTGAAGTTTATGAA
2132160 CCACTGTCCTGGGCGATGCCCATTTCAGAAATAGGGAACTGAATCCCAGCTCTGGTARAC
2132220 AGTTTGCTAATTCGTGGCCAGGCTAGGGCCTCACCATTTCTGCAGTGAAGAATCATATGT
2132280 TTTGARAGCAAATAGCACCTGCTGGCTGCAAGACCTTGAGCAAGTCACTTAACTACTCTG
2132340 TGTTCCAATTTCCTCAGCCATAATCCCCAATACTGTTGCAGTCTTGCCAGTGCACCTTAA
2132400 TGTAGCAGCTTCTCACTGRATTAGTACCCAAGGTTCTTTGTCCTGCATCCARGAARATTA
2132460 AGGAACATGGACACAAACGTGAGCTTGGAGCAARAGTTCAGTRAAGCARAAGAAGAAAGCT
2132520 GTCTCCACTGTGGAGAGGGAAGTCTGAGTGGATTGCCAGATTGCAGCTGAATGCARAAAA
2132580 CTTTTATAAGAAACCACTCTCCTCCCTGTAACTGTTTGAGAAACTTTTTATCAGTAAAGC
2132640 TGTGCAACTTCCCTTACCTTATGCAGCTGTGGGTATATCTCTAGCGCAAGCATARAGCGCT
2132700 GCTTCTCTTGTATGTATAACTGTGGATTTGTTTTAGGTARGTCCCACTCCCTGCGCCAGT
2132760 TTCAGGCAGGCCGCTCCTCCAGGGCCCAGCCTTGACCATTTACCTAACTGATTTTTCCTC
2132820 TACTTTCCCTCAATACCTCATAGGGCCGTGTAGATTAAGTARAATAGTAAGTGTGAACCA
2132880 CCCAGCATAAGCTAGTCCTGGGCATCGTAAAGGACAATGGGARAAGAACACAGATCCTGG
2132940 AAGAAGGCCCCCAGGTTTGAATTGTATTTGCCACCTACTAGCTGGGTGATGGGGCTGATA
2133000 TATTATCTCACTGAGCATCCATTTTCCCATCTGTAAAATGGGAACTAATGATAATGGCAT
2133060 CCAAATCATAGCATCATTGTGAGCATTATAGGAGTTTAAGACATGCAATGCCTTCAGAAC

2133120 AGTGGCTAGCTGCTCCATAATGTTAGTGATTGCTCCTGTCATTTTATTTAGGGAGGTTTGC
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2133180 CTCACTARGCATCAATTATTATTITTTGTCGTCTTTTTCAGGGTGGCTCCTCAGGCAAGGG
2133240 CACCACCCTCAGAGGCCGATCTGACGCTGACCTGGTTGTCTTCCTCAGTCCTCTCACCAC
2133300 TTTTCAGGATCAGTTAAATCGCCGGGGAGAGTTCATCCAGGAAATTAGGAGACAGCTGGA
2133360 AGCCTGTCARAGAGAGAGAGCATTTTCCGTGAAGTTTGAGGTCCAGGCTCCACGCTGGGG
2133420 CAACCCCCCTGCGCTCAGCTTCGTACTGAGTTCGCTCCAGCTCGGGGAGGGGGTGGAGTT
2133480 CGATGTGCTGCCTGCCTTTGATGCCCTGGGTGAGAGCTCCCAGCTTCTTTTTCTCCCTCT
2133540 TCCCATTTCTGAGCAGAAATCTCCCACAGTTTGAGAGCTTTTTGCCCCAACAGGGCATCT
2133600 CTCTAAAGCAGGGTGGGAGGAGATCTTAGGATCTGTCCCGGGGCAAGAATGAATACGGTC
2133660 ATGATCTATCACAGGAGAGACATTAAACAGCARATTGGCATAATGTGGGGACAAAGACAT
2133720 TTCTTACAGAACATCTGCAAGGCTTACTGGTTCTGTTTAAGGCAAAATGTGTGAATTTTA
2133780 TCTTTCTAAARATCAGGCAGCAAARGATGTGGCTTAAAGTTCATGTTACTCTCATCTTTGTC
2133840 CCARCATGAGATCTCATCAAACGTATGCAGCACGTTGGGAGATAGATATTTATAATTTGC
2133900 AGGAACATTTGGACAGGARAGTGTAACCTCTCAGAGGCTCCCTTGCCACATCAGGAGAATT
2133960 GGTAAAACCACACTACCTGTATCATATCATTATTTTAAGTGATARATGATCATCTACATT
2134020 CAGCTCTGATGAGTAATAGGTGTTCAAARATAGGAACTTCCAGCCAAGTGTGGTGGCTCA
2134080 TGCTTGTAATTCCAACACTTTTGGAGGCTGAGGCAGGAGGGETCGCTTGAGCCCAGGAGTT
2134140 CAAGACCAGCCTGGGCAGCAAAGTGAAACCTCATCTCTACTAAAAATTTTARAACATTAG
2134200 CCAAGTGTGGTGGTACATGCCTGTGGTCGCAGTTATTCAGGACGCTGAGACTGAACGATC
2134260 ACATGAGGCCAGCCAAGGATTCGAGGTGTCACTGAGCCACGAATGTACCACTGCACTCCA
2134320 TCCTAGGCACAGAGCAAGAGCAAGACCCTGTCTCAATCARTCAGTCAATCAGTCAAAACT
2134380 ATGAATTTCCCAGCTGTATATGAAGGCACCTCAAAACACCACAGTGAACTCACAGAGGGA
2134440 CACGGAATAGTTTAGATTTTAATTTTTTGAGGGAAATGCGATGACATCTGTCACACACCG
2134500 CACAAACGGCTACTATTAAACTGAACTTACTGATTAGTGGCTACTAATTAATAGTTGGTC
2134560 ATTAAGCAGTAATTAGTGATTAATTATCAAGTAATTAGGACTTAATTAAAGGAACTGTCA
2134620 CAGTTTCCTTTAGTCCTAGGGCAGCCATGAAARAAAAAATGCTGACTCTCCAAAGACACC
2134680 AGGGTATGAGAAAGTTTTGGATTCTCTCCTTTGTGCCATCTCCTGTGTTGGGGGCTGAAG
2134740 TACAATGGTTGTAAAAGACAAGAGGGAGAAGGCTGGTCACAGTGGCTCACGCCTGTAATC
2134800 TCAGCACTTTGGGAGGCCAAAGTGGGGGGATCACTTGAAGTCAGGAATTCARGACCAGCC
2134860 TGGCCAACATGGTGAAATCTCACATCTACTAAAAATACAARAATTAGCTGGGCGTGGTGG
2134920 TGTGTGCCTGTAATCACAGCTACTCGGGAGGCTGAGGCAGGAGAATTGCTTGAACCCAGG
2134980 AGATGGAGGTTGCARTGAGCCAAGATCATGCCATTGCACTCCAGCCTGGGCARCAGAGTG
2135040 AGACTCCATCTCGAAAAAAAGAAAAAAGAAAAGAATATAAGCGAGTGATTAAAAAAGAARA
2135100 GAAAAGRAAACTAAGTAGGGTGAAACAATAGATAGCCATGGGGGTTAGGGAGCTTTTTTA
2135160 GACAGGGTCGTGAGGGAGGGTCCCTGAGCCTGAGTGGCGAGAAGGAGTGAGCCTTGGGGA
2135220 GATCTGGAGGTTCTGGGAAGAGGAATGGCAAGTGCAGAGGCCCTGAAGCAGCAATGACCA
2135280 TGGCACATTTGAGGAAGAGAGAAAAAGTCAGAGAAGTAGAAAGTGGGCAAAGGARGCARG
2135340 ACAGGAGGTGAGGETGGGAGAGGTTCCAGAGACCAGATCACACCAGACATCATTGGCCACC
2135400 ATAAGATCTTTGGGTTTTARARTTCCAGATGTTATGGGATGCAGGARGCAGCATGATCAG
2135460 CAGCATTCTCTAGGTGCCAGGTTGAGAACAGGCTGTGGGGGAACCTGTAAAGAGGTTGCT
2135520 GCCATAGTTCCGGCGAGTGACGETGGTGGCTTGGATGGGGTGATGCGCAGTGGAGAGGGCA
2135580 GGAGGGAGGATCAGGAATGGACCTCAAGACTTCCCAGCCCTGGGTCTGCTGCACTTTTCA
2135640 ATCAAACCCCATGGCCAGGGAGATTGTCCCCTCAGAGTGACTGAAGGAARTTCAGAGAAG
2135700 AGCTGACACCTAAGTTGTAGATTTTGCCCGAACAGGTCAGTTGACTGGCGGCTATAAACC
2135760 TAACCCCCAAATCTATGTCAAGCTCATCGAGGAGTGCACCGACCTGCAGAAAGAGGGCGA
2135820 GTTCTCCACCTGCTTCACAGAACTACAGAGAGACTTCCTGAAGCAGCGCCCCACCARGCT
2135880 CAAGAGCCTCATCCGCCTAGTCAAGCACTGGTACCARARTGTATGGCCCTCCCACCAGGC
2135940 CTGGTGGGTCCTGTCTCGACTGGGAGCAGAGCAGGGCTCGGGGGAGGAGAGAANAGAAGGG
2136000 AGTGAAGGGAAGAGGAGGGGGAGTGGTGGAGGGAAATACGAGGGATGGAAAAAGGAGAGAN
2136060 AGGARAAAGAGGTGGAGAGAGGAGCCTGCARCAGAAGGGAGAATGARAGGGAAGGRAGAG
2136120 AGAAAGGAAGGGATTTTGGTGTTCTGTTCACTGCTGTATCCCCAGAACTTAAAACAGAGC
2136180 CTGGTGCATAATAGGTGTAAATAACTGTTGAATAAATGAATCAATGCTACATACACACAC
2136240 . GCACGCACACACACACAGAGAGAGAGTCAACCACACTCTTCAGAAGGTGGATAAGTTAARA
2136300 ACAAGAGTTTCAAACAAATATATGTTCAGATGCCCTTTCCTCCCACTTACTGGCTGGCTG
2136360 GCCTTAAGTAAGCAACTTAACCTTTCTGTTCTTTCTGCTTTCTTATCTGCAACGAGTAGC

2136420 ATGCCATAGCTAGAGTAACACGGCATATAGTTGGTCCTGATAAATGTAGCATATTTTAGC
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2136480 CACCATAGGAGTACACATAATAARAGCTAACATGTAGTATGTGCTTAGCTTATCTATGTT
2136540 TTGTGGATGTGATACAATTTTCTGTTCACTTTTAAATGCCCTGCATCTTAGTCAATTTTA
2136600 ACAGTGATTCTGTAAGTTAGATAAGGTTAGGCATTATTATTAAATCCATTTTACACCAAG
2136660 AGAAACTTGGGTCAAAAAGAGARACTCCTGGGTCACATGGCTCATTCGGCCAATAAGTAG
2136720 CAGAAGTAAAATTTGAATTTGGCTGGGCGCGGTAGCTCACACCAGTAATCCCAGCACTTT
2136780 GGGARGCCAAGGCAGGTAGATTGCTTGAGCCCAGGAGTTCAAGACTAGCCTGAGCAACAT
2136840 GGCARAACCTCGTCTCTACAAAATARACTAAAAATTTAGCCAGGTGTGATGGTGAGCACC
2136900 TGTAGCCCCAGCTACTGGGTAGGCTGAGGTGGGAGGATCGCTTGAGCCTGGGAGGAGGAG
2136960 GTTGCAGTAAGTCAGGATTGCACTACTGCCCTCCAGCCTGTGAGACAGAGCAAGATCTTC
2137020 TCTCAAACAAACARACARACAAACAAACAAARACTCGAATTTGGGTCTATTGACTTARGA
2137080 GTTTGCCTGATAATAATAGGCATTCAATGTATATTTCTTGAATGAACGAATGAATGARAR
2137140 TAATCAGGAATAAACTTTCCAATTTAARAGTAACACCTCTAGGTAAAAAAAAGACAATCA
2137200 TTTAGTTGCCAGACTTCTAAGTGTTTGCTGTTCTATGAATTGTAATCATGGAGCCTGAGC
2137260 ATTGTAGAATTTACAAAAGCAGTTCCTGACAARAGCAGCACTGCCCCCAGGGACATATTG
2137320 ARAATTAATGAGGGTGTTTTTGGTAACCATGCTGATGGGAGGACATGGGTGCTACTTATA
2137380 TTTAGTGGAAAGAAGACAAGARTGCTAGT TATTGTACAATGATCARGAGAGTCCTGCACA
2137440 GCCARGAATTGTCTTTTTCTTTCTTTCTTGATGCTGTTCTCCTTTAAAACAAGACAAGAT
2137500 TAACRATAATTTAACTCCACTAACCACCATCATCACCACCTCCAACTTATATGCTACATT
2137560 TCTTGTATATTTCAAGTCTGTTTATATTTTCAAGTGCCTCGAAGTATTATTGTTTTATAG
2137620 CCAARATGTTTAGTTAATCTGCTCACAGATTTACCACTTTCTTCACTATTCATTCTGTCTT
2137680 ACACCTCTAACATTCCATCTGGGGTAATTTTCCTARATGATCATGCATCCTTTGGGATTT
2137740 CTTTTGATGATGGTCTATTGGTAGTARACTCTCTCAGTTATTGTTTGTCTGAAAATGTCA
2137800 TGCTTTTGCCTTCATTGTTGAAGGGTGCTTTTGCTGGGTGGTCATTTCAGTATATTGAAT
2137860 ATATCATTCCATCTTCCAGTGTCATCATTAAAAAGTCAGTTGCCAGTCTAACTGCAGCTC
2137920 TTTTATAAGTAACCTGTCTTATTCTTCTGGCTGCATGTAAAAGTTTTCTCTTTGTCTTTG
2137980 ATTTTGTTTAGCTTCAATCTGCTGTGTCTTAATGATGGGTTCCTATTGTTTGTCCTGATT
2138040 GGGATTCCGTTAAGATTCCTGAATCTGTGGGTAGATATCTTTAATCAGTTTTGAAACTTC
2138100 TCAGCCATTCTTCTAAAATATTGATTCTCCTTCATTCTCTCCTCACCTTCTAGAATTCCA
2138160 ATTAAATGTATGTTAGACCCTGCTCTATCTTTCATATCTCTATACTCTCTTCTGTGTTTT
2138220 TCATCCTTTTGTCTATTTTTCCATGCTTTATTCTGAATAGTTCCTTCTAATCTACCTTCC
2138280 AATTAACTAATTTTCTCTTTAGCTATATCTAATTTGCTGTAATTAATTACAGTTGCCATT
2138340 TTTATCCTAAAATTTCTATTTCATATTTTTGTATCTGCCATGGTACTTCTTATGGCTTTT
2138400 ARATTCCCTGCTAACTATTTAAAGTTCTTATTTTATCCTGTGAATATGATATTCCTAGTTA
2138460 TTTTATTTTTAATTTTTATTATTTGTTAATCTTATGTTTTATTTACACTTCTTTTCTGTG
2138520 ACATGAGCACACACAGATTCATGTGTATACATATATGGCTCTGATACCTCTCCTTTCCTG
2138580 TCCTCATTCAAACCACTGATCACAGAGAGAGGACTATTTTTTTTTATTTTTAATTTTTCT
2138640 ATTTCAATAGGTTTTTGGGGGAACAGGTGGTGTTTGGTTACATGAATAAGTTCTTTAGTG
2138700 GTGATTTTGGTGCACCCATCACCCAAACAGTGTACATTGTACCCAATGTGTAATCTTTTA
2138760 ACCCTTGCCACACCCCACCCTTTCCCCGCAGTCCGCAAAGTCCCATGTATCATTCTTATG
2138820 CCTTTGCTTCCTCATAGCTTAGCTCCCACATATGAGTGAGAACATACARTGTTTGGTTTT
2138880 CCATTCCTGAGTTATTTAATTAARATARTAGTATCCAATTCCATCCAGGTTGCTGTGAAT
2138940 GCCATTATTTTGTTCCTTTTTATGGTTGAGTAGTATTCCATGGTGTGTTTGTGTGTGTAT
2139000 AACATTTTTCTTTATCCACTCATTGATTGATGGGCATTTGGGCTGGTTCCATATTTTTGC
2139060 AATTGCAAATTGTGCTGTTATAAACATGTGTGTGCAARGTATCTTTTTTGTATAATGACTT
2139120 CTTTTCCTCTGGGTAGATACCTAGTAGTGGGATTGCTGGATCAARAATGGTAGATCTACTTT
2139180 TAGTTCTATAAGGAATCTCCACACTGTTTTCCATAGTGGTTGTATGAGTTTACATTCCCA
2139240 CCAATGGTGTAAAAGTGTTCCCTTTTCACCACATCCACACCAACATCTATTATTGTTTGA
2139300 TTTTTTATTATGACCATTCTTGCAGGAGTGAGGTGGTATCACATTGTGGTTTTGATTTGC
2139360 ATTTCCCTGATAATTAGGGATGTTGAGCATTTTTCCATATGCTTGTTGGTATTTGTTTTT
2139420 TTTTTTTTTTTTTCATTATTATACTTTAAGTTTTAGGGTACATGTGCACAATGTGCAGGT
2139480 TAGTTACATATGTATACATGTGCCATGCTGGTGTGCTGCACCCATTAACCCGTCATTTAG
2139540 CATTAGGTATATCTCCTAATGCTATCCCTCCCCAATTCCCCCCACCCCGCTTGTTGGTAT
2139600 TTGTATATCTTCATTTGAGAATTCTCTGTTCATGTCCTTAGCCCACTTTTTGATGAGATT
21396690 TTTTTTTTCTTGCTGATTCGTTTGAGTTCTTTGTAGATTCTGGATATTAGTTGGATGTAT

2139720 AGATTGTGAAGATTTTCTCCCATTCTGTGGGTTGTCTGTTAACTCTGCTAATTATTTCTT
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2139780 TTGCTTTGCAGAAGCTTTTTAGTTTAATTAAGTCCCATCTATTTATCTITGTTTTTGTTG
2139840 CATTTGCTTTTGGGTTCTTGGTCATGAAGTCTTTGCCTAAGCCAATGTGTAGGAGGGTTT
2139900 TTCCAATATTATCTTCTAGAATCTTTATGGTTTCAGGTCTTAGATTTAAGTATTTGATCG
2139960 ATTTTGAGTTGAATTTTGTATAAGGGGAGAGAGAAGGATTCAGTTTCATTCTTCTACATG
2140020 CAACTTGCCAATTATCCTAGGACCATTTGTTGAATAGGGTGTCCTTTCCCCATTTTATGT
2140080 TTTTGTTTGGTTTGTCARAGATCAGTTGGCTGTAAGTGTTTGGCTTTATTTCTGGGTTAT
2140140 CTATTCTGTTCCATTTGTCTACGTGACTATTTTTATACCAGTACCATGTTGTTTTGGTGA
2140200 CTATGGCCTTACAGTATAGTTTGAAGTCTGATAATGTAATGCCTCCAGATTTGTTCTTTT
2140260 TACTTAGTCTTGCTTTGGCTATGTGAGCTCTTTTTTGGTGCCATATGARTTTTAGGATTG
2140320 TTTTTTCTAGTTCTGTGAAGAATGATGGTGGTATT TTGATGGGARTTGCATTGAATTTGT
2140380 AGATTGTTTTTGGGAGTATGGTCATTTTCACAATATTGATTCTACCCATTCATGAGCATG
2140440 GGATGTGTTTCCATTTGTTTGTGTCATCTATGATTTTCTTTCAGCAATGTTTTGTAGTTT
2140500 TCCTTGTAGAGTTCCTAGTTATTTTAAAGTCTGTGTTCGGTCTTTCAGCATTTAAAGTTT
2140560 GTAGGTTTATTACTATTTCTCTTCTTTCTGTTGGTCATAACTCTTAGTGTTTTGTTTCCT
2140620 TGTGTGCCTGGTTACATATGTGCTGGTCATTGTATTTGAAAATTATGTGTGAAATAATTT
2140680 GAGGTTTTGGATTATGTATATTCCTCCAGAAAGAATTTCATTTGCTTCTGTGCATTTCTT
2140740 AGGAACATTACAAGTCCTTCTTCTCAGTTAATTTTCGTAGTATCTTTATCAGATAGGTGC
2140800 TATTACAACCACTCACTTAGCAGATGAARATCATGAGGCTCTGAGAGTCTAAGTCATCTA
2140860 CTTAGAATTGGACRATGGTGAAGCCAGGATTCAAACCCACATCAATAAGAATCCAGCGCT
2140920 CTTAACAAGGGGCCAGTACACTTTTTTAAAAAATAARAGGCTAGATAGTAAATATTTTAG
2140880 ACTTTGTGGACTGCACAGCCTCTGTTGCAACTACTCAACCCTGCCTTTGTAGCATGAATG
2141040 CAGTCATAAACTATACATAAATGAATGAGCCTGGATTCGTTCCAAGGARACTTTATAAAR
2141100 ACAGGTGGCAGGCTGGATTTGGCCCATGAGAAGTGTAGT TTACACAAARAGTTGAGCAAAC
2141160 CAATTTTTTTCTGATTGTTTTTCCTCTTCTCAGTGTAAGAAGAAGCTTGGGAAGCTGCCA
2141220 CCTCAGTATGCCCTGGAGCTCCTGACGGTCTATGCTTGGGAGCGAGGGAGCATGAARACA
2141280 CATTTCAACACAGCCCAGGGATTTCGGACGGTCTTGGAATTAGTCATARACTACCAGCAA
2141340 CTCTGCATCTACTGGACAAAGTATTATGACTTTAAARACCCCATTATTGAARAGTACCTG
2141400 AGAAGGCAGCTCACGAARACCCAGGTATGCTATCCCCACATGGCTTAGCTCCCCTATGTAA
2141460 ATGAACACCTGGATACAGGTACAGTGCCTTGGARATGGAGGAGGTGGGAGGGCTCCCCAC
2141520 TTAGTGAGAATCTCCTGTTGCCCATCATTGTACTGGGCATTTTACTACTGCCATCTGTTT
2141580 TAAACACCTACCTCCAACCCTGTGAGGCAGGCACTATGCCAATTATTTTACAGGTGAGTA
2141640 AACTGAGGTTCTGAGAGGTAAGGAGCTTGTCCAACCCTTARCAGAAAATGAGTAAAATAG
2141700 CTGCAGTTTGAACTGAAATAAGAACAGCAGCAARCAACAATGATAGTAATTGCTCCCAGGT
2141760 ATTGARAGCTTGTTGTAAGACTAACACATGCTAATATAATAGTAARAAATTATTAGCAATA
2141820 TTACTGATATGTATGTTATGTTCTAGTCGCTGTGCTGAGCATTTCATATAACTGGGCTTT
2141880 TTCTATCCTCACAGCATAGCCTTTGAGATAGGTATGTGGAACTATTCCCATTTTACAGAT
2141540 ARGAATCCTGAGGCTTAGAGAGTTCAAGTGACCTACCCAAGGGCACATCACTGATAAAGG
2142000 GCAGAGGTGGGATTCAAACCCACATCTGTCAGGTGCARGTGCAAGGCTCCTTCTCCTCAT
2142060 GCTCACTGCCTGCTGGGGAATAGGGCACTGGGGACATACCCCAGGGAGCCCTTCCTCATG
2142120 TTCTGAGTCCCAGTTCATCCCATGCTGCTATTTTGCTCTCCCAGGAGCATCTGGACTCCC
2142180 TAGACAGAGCCCCAGCTTCTCACCTGTCCCTCTCTARATGCTCCTCTGCAGGCCTGTGAT
2142240 CCTGGACCCGGCGGACCCTACAGGAAACTTGGGTCGTCGAGACCCARAGGGTTGGAGGCA
2142300 GCTGGCACARAGAGGCTGAGGCCTGGCTGARATTACCCATGCTTTARGAATTGGGATGGGTC
2142360 CCCAGTGAGCTCCTGGATTCTGCTGGTGAGACCTCCTGCTTCCTCCCTGCCATTCATCCC
2142420 TGCCCCTCTCCATGAAGCTTGAGACATATAGCTGGAGACCATTCTTTCCAARGAACTTAC
2142480 CTCTTGCCAAAGGCCATTTATATTCATATAGTGACAGGCTGTGCTCCATATTTTACAGTC
2142540 ATTTTGGTCACAATCGAGGGTTTCTGGAATTTTCACATCCCTTGTCCAGAATTCATTCCC
2142600 CTAAGAGTAATAATAAATAATCTCTAACACCATTTATTGACTGTCTGCTTCGGGCTCAGG
2142660 TTCTGTCCTRAGCCCTTTAATATGCACTCTCTCATTAAATAGTCACAACAATCCCATGAG
2142720 GCATTTTTAARAAATTTTTTATTATTTTAGATTCAGAGGGCACATGTGCCATTTGTTACAC
2142780 AGCTATATTGTGTAATGGTGGGGTTTGGGCCTCTATTGATCCTGTCGCCCAAATAGTGAA
2142840 CAGAGTACCCAAAAAGAATTTTTTCAACCTTTGCCTTTCTCCCTTCCTCCTCCCTGTTGG
2142500 AGTCCCTAGTGTCTATTGTTCCCATCTTTAGCAGATGTTAAGTATTTGATTTTCTGTTTC
2142960 TGGGTTAATTCACTTCGGATAATGGCCTCCAGCTGCAACCATGATTTCATTCTTTCTTAT

2143020 GGCTGCATAATACTCCATGGTGTAGATATACCACACTTTCTTTATCCAGTTCACACTGAT
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2143080 GGGCACTTAAGTTGATTCCATGACTTTGCTATTGTGAATCGTACTGCGATAAACATACGA
2143140 GTGCCGGTGTCTTTTGATAGAATGATTTCTTTACCTTTGGGTAGATACCGAGTAGTGGGA
2143200 TTGCTGGGTTGRATGGACATTCTACTTTTAGTTATTTGAARAGTCCCATGAGGCATGTTT
2143260 TCTATCATTCCCATCTTACAGATGAGACARAGGCTCAGAGAGGTGAGGTCACTTGCTCAA
2143320 GGACATCAGCTAACAAGTGGTGGAAATGGAATTCAAGCTCAGTGGACTCTARAGCCAGTG
2143380 CTCATGTCACTGTGCTAAACAGCCTGCCTTGTCACATCCCCACCTCTCATCTGACCAATG
2143440 GGAGACTCTGAGCAGCTGAGTGACTTGGGTTGTCACACAGCTAAACAGGGGCARAGGACC
2143500 CAGTCTTGGATCTTTCCACCTCCAAGCAGGAATCTGTCTGATTCCAGGGGATTGATGATG
2143560 TTGCAGATGGCTAGGARAAGCAGACTCCAGGATGGAATTTAGTATGCAGGATGTTCTGGGGG
2143620 AGAGCCACTGGAACCAGCACTCAGGGAARAGGGGGGARGAARGGATAGGAAGGAAGCATGA
2143680 AARGAGAATAGGGAGAAGTGRACAGGGATGCAGAGCGAATGCCAGTTTCAGCCAACTCCAA
2143740 GGACAGCCCTGGAGCTGGARATGGCCTTTAGAGCTGCCCCATGGTGACAGAGGTGGCCAGG
2143800 CTTCTATACCCCTACGTGGATCACTCACTGTGCTTGGGCACCTTGGGARAGGGCATGGCT
2143860 TTGAGCAARAAGGCTCTCTGCAGCTGAGGCAACCCCTARAAGGGCTGACGGCTGAAGTCTG
2143920 TCTGCTGACCACTGTCCCAGCAGCTGGGGCTTGTTAGTCCTTCCTCAAARGGGGGATCCAG
2143980 ATGGCATGTCACAGTGTCTACCGTAAATGCTCACTGAATCCAGCTGCAATGCAGGAAGAC
2144040 TCCCTGATGTGATCATGTGTCTCACCCTTTCAGGCTGRAAAGCAACAGTGCAGACGATGAG
2144100 ACCGACGATCCCAGGAGGTATCAGAAARTATGGTTACATTGGAACACATGAGTACCCTCAT
2144160 TTCTCTCATAGACCCAGCACACTCCAGGCAGCATCCACCCCACAGGCAGAAGAGGACTGG
2144220 ACCTGCACCATCCTCTGAATGCCAGTGCATCTTGGGGGARAGGGCTCCAGTGTTATCTGG
2144280 ACCAGTTCCTTCATTTTCAGGTGGGACTCTTGATCCAGAGAGGACAAAGCTCCTCAGTGA
2144340 GCTGGTGTATAATCCAGGACAGAACCCAGGTCTCCTGACTCCTGGCCTTCTATGCCCTCT
2144400 ATCCTATCATAGATAACATTCTCCACAGCCTCACTTCATTCCACCTATTCTCTGARARTA
2144460 TTCCCTGAGAGAGAACAGAGAGATTTAGATAAGAGAATGAAATTCCAGCCTTGACTTTCT
2144520 TCTGTGCACCTGATGGGAGGGTAATGTCTAATGTATTATCAATARCAATAAAAATARARGC
2144580 AAATACCATTTATTGGGTGTTTATTAACTTCARGGCACAGAGCCAAGARGTACAGATGCA
2144640 TATCTAGGGGTATTGTGTGTGTATATACATTGATTCAACAAGAAATATTTATTGAGCACT
2144700 TACTATGTGCCAAGCATAGCTCTGGGCACTGGGAATATAGCAATGCACAARAAGCAGACAG
2144760 ABRRTCCCTGTCCTCATGACCCTGCAGAGCCAAGACTTCCAGRAATTTTTTAAATAARNAANA
2144820 TCCCTGTCCTCATGGAGTTGACATTTGTGCAAAACATCTTAATGTTAGATGGTTTTCCTA
2144880 TTACTAATAATTCTGAAATAAGCATCCTTGATTTATCCTTTCTCCATATCTCTGAGARAA
2144940 ATTATAGAACCTCCCTGTGTGACACAGCAGCCACTAGCCACATGTATCAAATGCTTAAAA
2145000 TGTAGCTAGTCTAAATCTACATGTGCTGTGAGTGCAAGGTATATACTTGGTTTCARAGAC
2145060 TTAGTACARATGAAAAGAATGCCAAGTTCTTGCCARACTGATAATTTTTTTAATTGTGTGC
2145120 TGAAATGACAATTTTTAAATATATTTGAGTTAAATCARATGAACTTCATCTCTTTCTTTT
2145180 CCCTTTTTAATTGTGGCTACTAGAAAATGTGAAATCATACATETGGCTTGTGTTATATTA
2145240 TGTATTTCTATTGGACAGCTCTGTCCTCCAAGGTAAATCACTGGATTARAGATTCGACTA
2145300 TACTGACTTACATTGCCACATTGTCACACTGTCCTTGGGACCAAGAATCAACATATCATT
2145360 CATAAGACTCTAAAATATAAARCTCTCATAAATACTCACAAAAGAACCTAGCATGCTCTG
2145420 ATCACCTGAGTTGCTGGTCACTTTTGGTGGCTGGTAAGCAGCCTTTGGTCCGTCCAGATT
2145480 ATATTCTTCCATTTAGTCCCCCCACATCCCTGTGAGATGGGTTTTGTTGTTATTCTCATA
2145540 ATATTAAGTGGAATAACTTGAGGTTCTAAGAGGTTACAGTGCTTGCCCAGGGTCACCCAG
2145600 CTGGTCAGGGGCAGAGTCTGARACTTGAACCCTAATCCTTCTCTCTCTAAAGCTCATGTTC
2145660 TTAATCACTGTAGCATGGTCTTAATGTGTCCTCATTCATTGAAAGCTTATGTTTTCCTAC
2145720 TCTGGCGCCATGAGAACCAGAAGCATCAATGTCCAGGGGCAGGGAAAGATGARTGTCCCA
2145780 GCTCAACCTGAGCACAGATTCACCCTTCCTCGGTCTTTTTGTCCTATTTGTAGACTGGAT
2145840 TAGATGATGCCAGTCTACTGATTCAAATGTGAATCTCTTTCAGAAAAACCCTCACAGATA
2145900 CACCTAGAAATGATGTTTCACCAGCTATCTTGGCACCCTTAGCCCAGTCAACTTGTCACA
2145960 TAARAATCAATCATCACACACTCCATGCTGATAGGCAAGTGTGGACATCCCAATGTAATGG
2146020 CTTCATTGTATTTTACTGTGTGGAAAATGCACTTGTGTTGCCTTTTGAGAGTGTTTCATT
2146080 TTATAGCAATGCCACAACCAACAGTAGATTAATGGAATCAGTAATTAGTTGCTTGATCGA
2146140 AGAGCCACATGGCCACGTGATCAGCCTTCCATCTACAACAGGACCCAGGAGTATACCGGG
2146200 ATTGTTTTTCAAAGGGCATAGACATTTTTGCTGCAAATGACATGGGCTTACTCCAGAGTC
2146260 CTGGAGGGGTCTGTGTTATAATTCTCTARATAGATATTGCCATAATCTCTGAATGACACC

2146320 TTTTCCCATGACTAACACTTTGAACACCATCGGGTCTGCCAGGCTGGTGTGGGCCAAGTA
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2146380 GAGGGGCGACTTGCACCACAGCCTATACCAGCTGCAGAGCCCTTTAGGACTTAATAAAAG
2146440 GGTGCTAATTTCTGTACTTCCCTGGCTCTGAGATGTAATAGTGGTTTTAATTTACTATCC
2146500 TGGCCAGGGAGGTGGCAGTTTCAAAGGTATCCCCATGACCTTCCTCACTGTGATAGCCCT
2146560 CACTTAACCCTCAGGCCAATGTCGGGTAGTGTCTTTTACCAAGCATGTCCTTTTTGAATA
2146620 TACATTCAGGGGACAGGGAAATGATCACCAGGTCGGTCCATAGACACAGTGGGCAAATGA
2146680 CAAGCCTGACTTGGCCAGGGCTCCATTTTTCACTCTTGGCTCCTATATGCCCCTACTCTG
2146740 ATGCGGACAGAATCTGATGACGCTTTTCGTTATCAGTGTTGATCCTCTGCCCAACAGTCT
2146800 TAGRAATGTTGAGTGACTCCCCTTTTCCAGTGTATCATCCTCTGAATARATGGCCATAGG
2146860 TCCTTTGGGGGAAACCATTACTATATATGCTATGGTGTCACAGCATCCTTTCCCAAGGGG
2146920 ACTCTGCCTCCTCTTTGTTARTGGGGTCTAGTCTGAARACTGGGTTGGTCAGTTCCAAAR
2146980 ATCAGGAAGGGATGATGACTTTTTATTGGAATGGCTCCCCTTAACCCCCTGGTCGTCCGG
2147040 CCTTGATTTCTTCTAATGGTATAARTTGAGTAGTGCCCTTTCAAGATACTCATCCACTAA
2147100 GTCACTAAGAGGCCACATTGTGTTAACCAGGTCCCTAACCCTGTATCAGTCACGACCCCT
2147160 GGCTGCCCCTCCAACCTCACCATTCATTATAGTCATTGCACCCACCTGGCTTCTATTGCT
2147220 CTGGGAGTCCTGCCTGCCCTATTGCCCTTATCAATCCARGCTCTGTAACAGCCCCTCTTC
2147280 CCAGGAGGCCACCACCAGAACACCTCATGATGCAGGTGTCCCTCTCTCCACACATTCCTT
2147340 ATGGCCTCGGGGAATGTTTTGTCCCCTGGGACTCTATTTCCAGACTTACATAGTARACAT
2147400 ATCCACTCCTCTTCACTGTGCCCATTTCCCTTCGCCTCTTAATACCTTCTTCCATCAGCT
2147460 CCACAGCAATTCTGGAATTTCATACTTTICTGCATTTCTAGGAGCCATCCTAGGAGTCAG
2147520 GGARRACCTCGGCTTCACAAGTARAATGGGACTTCAGTTGTGTGCCAACATGCCTGGCTAA
2147580 TTTTTAAATTTTTTTGTAGAGATGGGGTCTTGCTGTGTTGTCCAGGCTGGTCTTGAACTC
2147640 CTGGCCTCAAACAATCTTTCCTCCTTGGCCACTCAARGTGCTGGGATCACAGCTACCATT
2147700 CCCACACACATTTTCTTATTTTTAAAGGCTGTATGTGCACTGTATACATTAAATGTGTGC
2147760 ACTGTATACATTAACTGTGTGCACTGTATACATTAATTTTCTTTAACGAATTTATCCATT
2147820 TATAGTTGCTTTGGTTGTTTCCACTTGATTATTGTGAATAGTGCTGCAGTAAACATGGGA
2147880 ATGCAGTTATCTCTTTGATATCCTGATTTCAATTCTTTTGGATACTCAGAAGTGGGATTG
2147940 CTGGAACATATCGTAGTTCCATTTTTAATTTTTTGAGGAACCTCCATACTGTTTTTCACA
2148000 GTGGCTCACCAACAGTGTGCAAGAGTTCCCATCCCTCCACATCCTCACACTTGTTATCTT
2148060 TTGTTCATTCTTTARAAARATGATAGCCATCCTACCAGGAGTAAGGTGATATTGCATCGTG
2148120 ATTTTGATTTGCACTTCTCTGATAATTAGTGATATTGAGTATATTTTCATAGACCTGTTA
2148180 TCCATTTGTGTGTCTTCTTTGGAGAAAGATCTATTCCTATCCTTAGCCCATTTTTARATC
2148240 AAGTTATTAATTTTTTTGCTAGTGAGTGGTAGGAGTTCCTTACATATTGTGGAGATTAAC
2148300 CCTTATTAGATGTATGGTTTGTGAARTGTTTTCTTCATTCCATAGATTGTCTTTTCAGCCC
2148360 GTTGATTGTTTCCTTTGCTATGCAGAAGCTTTTTAGTCTGATESTAGTCCAAGTTGCCTAT
2148420 TTTTGCTTTTGTTGCCTGTGCTTTGCATACGTGGCCACCTGATCTTTGACAAGATTGCCA
2148480 AGAATACACAATGGGGAAAGGACAGTGTCTTCAACARATGGTGTTTGGARAGCTGAATGT
2148540 CCACATGCAARAGAATAAAATTGGACCCTTACCTTACAGCATACACAAAAATCAACTCAA
2148600 AATGGATTAAAGACTTAAARCGTAAGACCTGAARACTGAAARCTACTAGAAGAAARCTTARGGG
2148660 GAAAACTTCATGACATTGGTCTTTCCAGTGATTTCAGGGATGTGACACCAARAGCACAGA
2148720 CAACARAAGGCATTTATTTTTATATGGCATGTGAGGAAGGGGTTCAGTTCCAGTTCTTCC
2148780 AATGTGGATGCTCAATTATCCCAGCAGCATTTATTGAACGGATCATGTTCTCTCCACTTC
2148840 TTTGCAAAGCCACCTCTTAAATATTCCCAGAGCCCATCTATGTGGGAGTCTGTTTCTGGA
2148900 CTCTGCTCTTTTCCATTGGTCTATTTTTTIGTGTCCTTGAGTTAACACRACCTTGTCTTAR
2148960 TTACTATRACCTTATAATTCTTAGTATCTTTGGGAGAACTCTGTTCTCTTTTTATCAAGT
2145020 CATTGGTTCCTCTTGGCCCTTTTTATTTCTACATTAATTTTATACTCAATTTGTGRAGCT
2149080 CCTCCCARAATATGGGGAGGCATTTGATTAGAATTACACATATTAGCTTGGGAAGRATAR
2149140 CATCTATATTTTATATATATATCTATATAGAATTTGATGATTCTGATCCATGAACTTGGA
2149200 GTTTCTTTICATTAATTTTTGTCCTCTT TAGTGACAGTGACAATGTTTTATCATTTTCCC
2149260 TGCAGAGGTCTTTCATGGTTTTTGTCATATGTATTCCCAAGTATTTGTTTCAGTACTATC
2149320 GTACTTGGCATGCTTTCTITTAATTTCATTTTGCAATGGTTGCTTCATGGGAGACTTAAAC
2149380 ATTTTCAGTGGTGATATTTGGCTATAGCATTATAGGTGATCTTTATACTTTTCTAAATTT
2149440 TCTGTGGCCACGGGAAATAATAAAGACACTTTTCTTGCACAGAARRAARARAACTTTTGGEG
2149500 AAGTATTTCTCACAGCTAAGATCTGATAGTTTACGCAAAGTTGGCAGGCACAGGCTACAG
2149560 AAAGCTCTGGGGTGCTGTTGTTTGGAGCTGCTGGTTCAAGGACARATTCACARGATTTGG

2149620 AAACAGAGGACCAAGTGTGTAAGGACGAGGGAAACTATGGTATAACATTGAAGCACCTGA
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2149680 GCTGGAAATTTCTGAGCCCTCAGAGATAAATTTCCTCAGCTCCTCCCTGCCGAGARAACA
2149740 AAACTAAAARGAGTTRATGTTTAGCCAACAGARARTGAGAGTGAAGT TCACAGAAGAAATT
2149800 AGGGCACAGCTGGAAGTGTTCAAARTGAGGARACGTTCAATGTCAAGTTTGAGATCCAGG
21439860 GTTGATGGGTGAACTCTGCACGCTCAGCTTCATGTTAGGTCTCCCAGCTCAACGAGGGEG
2149920 TGAATTTTGGTGTACTGCTGTCTTTGAGGCCCTGCGTGAACTCTCCCACACCCTCCCCCT
2149980 TTTCCTCATACAARTCCCCTCCTTGCACACCCCTCACGCCTGTCTGTGAGGTGCCAGGGC
2150040 CCCTCTCCCAGCCAACCGCAGGCCAGTATTGCCCCTCCCCAAACTTCCCTTCAGGCAGAT
2150100 CARACCCAGGGCTCTGGAGTCACACTGCCTGGGCTCARATCCTGCTTCTGAATCTTATGA
2150160 GACATCAAGTCACTTACCTAACTCCTTGGTGAAACAGGCTCTCCTCTGTCAAATAGGTGT
2150220 GCATGCTTTGGGAGGCCARGGCAGGAGGATTGCTTGAGCCCAGGAGTTCAAGACCAGCCT
2150280 GGGTAACATAGTGAGACCCTGTCTCTATAAAAATAAARAAATTAGCCAGGTGTGGTCGCT
2150340 CATGCCTGTAGTCCCAGCTACTCAGGAGGCTGAGGAGGAAGAATTCCTTGAGCCCACGAA
2150400 GTCAAGGCTGCAGTGAGCCATGATCAAGCCGCTGCACTCCAGCCTGGGCAACAGAATGCG
2150460 ACCCTGTCTCAGAAATAAGTAAATAAATAAATACATAARATAAATTTGGGTGCAATTGTGG
2150520 CTCTTAGTGTTACAGAGAGGACTGAAGGAGCTAATGGATGATGGATTTATGGCAGTACCT
2150580 CACATATAGCTTATCCTAAAGGAAGTTAGAGCTTATTATGATGATTATTCAAAAATATTT
2150640 ATCARAGGTCTGCCCTGGGCCATGTTCTGAGC TAAGTGCTCGGGATGCAAAGATGAGCAR
2150700 GAGACTCCTCAGGGACAATTGTCTGATGAGATAACAGGCACTATTTATGAGAGGTCCAAT
2150760 CAATACAGTTCTATTTATCTTATAATTATCCAATARATGATATAATAATTTATTAGAGGG
2150820 CCAATAAATCTGATGGCAGGAGCCTGTGGGGGGTAATGGCCAGGTCTCACTATTGTGCCC
2150880 AGGCTGGTCTTGAACTCCTGGCCTCAAGCATTCCTTCTGCCTCCACCTCCCAGCATGCTG
2150940 CAATTACAGAGGCATGAACAACTGCACCTGGCCTAAAATTTTATGT TAATAAAAAAATGC
2151000 ATGTATTTGAGGAGTACGACATGATGCTTCGAATATCATACTGTATCGGGGGAAACCAGCC
2151060 CCCGATATTTCAATGTAGGTTCTTTTCTATTTTCCCCAAGTGTCGGCTGGTCTGAGAAAT
2151120 ARRAGGGAAAGAGTACAAAAGAGATAAATTTTARAGCTGGGTGTCCAGGGCAGACATCACA
2151180 TGTCGGCAGGTTCTGTGGTGCCCCCTGAGCCATAAAACCAGCAAGTTTTTATTAGCAATC
2151240 TTCAAAGGGAGGARATGTACATATAGGGTGTGGGTCACAGAGAACACATGATTCAAGGGC
2151300 GACARAAGATCACAAGGCAGAAGGTCAGGGTGAGATCACAAGGTCAGGGCARARCTAGAA
2151360 TTACTAAGGAAGTTTCATGTTCCACTGTGCATGCATTGTCATTGATAAACATCTTAACAG
2151420 TGTTCAAGAGCAGAGAACCAGTCTGACTAGAATTCGCCAGGCTGGAATTTCCTAATCC?A
2151480 GCAAGCCTGGGGGTGCTGCAGGAGACCAGGGCGTGTTTCATCCCTTATCTGCAACTGGAT
2151540 AAGGCAGACACCCCCAGAGCGGCCATTTTAGAGGCCCCCCGGEAATGCATTCTTTTCCCA
2151600 GGGCTGTTAATTATTAATATTCCTTACTGGGGARAGAATTCAGGGATATTTCTCTTACCT
2151660 GTTTTTGGTAATAAGAGARATATGGCTCTGTCTTGCCTGECTCCCAGGCAGTCAGACCTA
2151720 ATGGTTATCTCCCTTGTTCCCTGAACATCGCTATTATCCTGTTCTTCTTTCAAGGTGCCC
2151780 AGATTTCATATTGTTCARACACACATGCTTTACGAACAATTTGTGCAGTTAACGCAATCA
2151840 TCACAGGGTCCTGAGGCAACATACATCCTCAGCTTATGAAGATGACAGGATTAAGAGATT
2151900 AARGACAGACATAGGAAATTATGAGAGTATTGATTGAGGAAGTGATAAATGTCCATGAAA
2151960 TCTTCACARTTTATGTTCTTCTGTCATGGCTTCAGTAGGTCCCTCCGTTCGGGGTCCCTG
2152020 ACTTCCCACRACATCACTGTATACCTGARATTAGCATTGATTCTAATTCTCTGGTCACAC
2152080 GTCATTCAGAGCATAGGATCTTCGGTGGATTTAAGAAGTGCCTCCCTCCCTATTCTCAGC
2152140 CATGTGACTCCCAGAATCCTATGARATTAAAGATCTTCTGTTTGGCCATAGGAGACTTCT
2152200 ATTCACCATCTTTGTTCTCTCCCACAARATGGCGAGGCCTCCAGTCTCCCACATGACAGCT
2152260 TTGTACTAARATCAACCTTACTCTATAGAACATGCATGATTGCAGCAGGACTACTATGAT
2152320 CTTGGTTTGATGAATTAGTTAGGATAACATTAGCTGCTGTAACABACAGACCCCCARGCT
2152380 GCAGCATGACTCAGATGCARTATAAGTGTCTTTTTCACTTATATCAAGCAAGAATGACCA
2152440 GATTTTCTGATTTTTTTTTCCGCTGTGCTAATGTAGGGAGAAGTTGTTGGAGGTCACGTC
2152500 ACAGTTCACAGCAACCATCTATGTTTGGGAGCAAGGATGCTGGAAATAGAATCCAGCATA
2152560 CTTGTAGCTTGTCCATAATTACAGACACCTTTGCATTTACTGAACTGAATCCTATGACTT
2152620 GAAGACCAAAGACTGTAGCATGCCTGARAGGGACAGCCTCAGAACTEGTGGATGCCTGTCCC
2152680 TCTCCTGGTTTGGGTTTGTGCTGACCACAGGCAARCCCACTGAACTCAGGATCACTGCAT
2152740 ARRGTGACGTATTAAGCCTAGTGCCAGGATCTTTAGTGTTTGCAGGAAGGTCTCATGATT
2152800 TTTCTGCTAACTCAGCTAATAGGTAGTCCTCTGTCCCTTCAAGTTACARACACATCCTTC
2152860 ATTCAGGAATTTGAATGTTCAGTCCTTGATATTTTATCAACCCTTCATTCTGTGGTCAAR

2152920 GGGCAGACGTCTCTCCCAGTTAAGACTGGAAGTTAGCAGCCTGCCTCCAGGGATGGGGTT
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2152980 GTGGTTGCCTTCTGCTCTCTCTGTTCCTCTGGGAAGCAGCAGAATCATTCCATGGGAGGA
2153040 CTAGAGCAGTTCTTTCTTGAGAGAAGAGATTTACTCCTTCCAAGTGTATTGGTTAGTGAT
2153100 TGCTACATAACAARACTACCCCARAACTCTCACGTAGCTTAAAACARCTGTGAAGTGATTGA
2153160 TGCTCATGTGAGCATGGGTTGGTTGATCCAGGCTGGGCTCAGCTGGGCACCTCTGTATAT
2153220 GCTGTGGGTTCTCCTGAGCTCARCTCCTTCCTGCCAGTTGCATTTAAGGCTGTTCTGTGC
2153280 GTGTCTTCTGGAGCCCAGGCTGAATGGGCTTTGGAGATGGCAGAAGCACARGCGAGTAAA
2153340 CAGAGACACATGAAGCCATTTAAGGCCTCAGCCCAGCACTGACGTGCCGTCACTTCTCAC
2153400 ATTCCACTGGCCATGCAAGTCACATGGCTGAGCAAACTCAAGGACTTGGGAAGTAACCAT
2153460 CGTCTTTAGTGGGAGGAACTACAACATCCCATGGCAAAGCATGGATCCAGGAAGCAGTGA
2153520 ARTGGGGGCCAGTGACTCAGTTTACCACACTGAGGTCTGGCAGATGGCTAGAAGTGGCGC
2153580 TTTCTCTTGAGGATTGGCGGAGAGGGTGTGTTTATGGATTCTACAGCAATCCCAGGCCTG
2153640 GGAACCTCTGTAAGTCCCTTTCCCAGGGCCTCTACATCTCTCCTCTACATGGTCCCGTCT
2153700 AACTCCTGCCTCATCTAGATTTCTGTACCACACCCAGCTTCTTGTGAGCATCTCTTTGCT
2153760 GCCAGAGGGCCCTGTGAGACAAGCCCCCARGATGACCCCATGCCAGAATTGTCACCCATG
2153820 TGATTCACATCTGGACCRGAGGARATGCCTCCCAAATGAAGCCCATCCTGCCCCCATCAG
2153880 GCAACTACAGGCCACTTCAGCTTTCTTGGCTGTAAGGCAGACCTCAGAATCTCTGTGTCT
2153940 CCCAGCTAGATGGAAAGCTTTCCAAGGGGTCCTTGGGAAGCCAGCTGGATTGAGGCAAGG
2154000 AATATCACACCCCCATCCATCTCCCAAAGGGAAGCAACACATCACCTGACAACAGTTCTC
2154060 TCCAGGGCAATCTCTTTGCCAAACATTGCTCCTCTCCACACTCCAACCCCTTTATGTATT
2154120 CTTAACATGACTGAGGAGCCCCTTTATAAATTCTGCATTTGGGAGTTTGTTGCATATTCT
2154180 GTTTGGTTCCTGGAGTTACCTACACAAGAGCCTCAGGCAATGAGATTTTATTTATCAAAC
2154240 CATTACCAGATGTCAGGTGCTGTCCCAAACACTTTGTAAATGTTAACCCATTTAATCCTC
2154300 ATATAAATCCTATGAGGTAGGTGCTATTAACATCTTTATTTTAGAGATAGGGAAGCTGAG
2154360 GCACAGAGAGGTTAAGTAATTAGCCCAAAGTCACACAGAAGGCAACTGTCTTCTCACCCA
2154420 GGCAAGAAGAGTCCTTTTTTATGATAATAAGGTGGAAGAAGGCAAGGGGGAGATAAGCAA
2154480 GAAGATGATAATGATGATGGTGGCCTTCCCTGAGTTACTGTGCTTAGCACTTAGTGTGCG
2154540 TGGCCTTGCCTTGCCTGTCCTTTGAGACAGGTATGTCAGACTCTCCCCATTTCGCAGATG
2154600 AATAAACTGAGGCTGATATAGTTTGAATGTATGTCTCCACCCAAATCTCATGTTGAAATG
2154660 TAATCCCCAGTGTTGGAGGTGGGGCCTGTTGGGAGGTGATTGGATCATGGGGGTGGATTT
2154720 CTCATGGGTAGTTTAACACCATCGCCTTGGTGCTATCCTTATGATAGTGAGTACATTCTC
2154780 ATGAGACCTGGTTGTTTARAACTGGGTGGCACCTCCTCCCCACTTTCTCTCACTCCTGCT
2154840 TTCGCCACATGATATGCCTGCTCCCCCTTTGCCTTCTGCTATGATTGTAAGCCTCCTGAG
2154900 GCCTCCCCAGARGCCAAGCAGACGTCAGTACCATGCTTCCTGTARAGCCTGCAGAACCAT
21543960 GAGCCGATTAAACCTCTTTTTCTTTATAAATTACCCAGTCTCAGATATCCCTTAATAGCA
2155020 ATGCAAGAATGGCCTGATACAGAGGCTTTGAGAGGTCAAGTGACCTGCCCAAGGGCACAC
2155080 CACTGATAARAGGACAGATGTGGGATTTGAACCCACCTTTGTTAGGCCCCAGTGCAAGGCC
2155140 CCTTCTCCTCATGCTCACTGCCCACTGCGGAGCTGCGCACTTGGGACACACCCTAGGGAG
2155200 CTGTGCTCTGCTGGGGCCTTCCTCATGCCCCAAGTCCCTGCCTGCCCAAGGCCGGTGCTC
2155260 TGAGTCTCCTACAGCCCCCTCCTCAGCCTCACTGGCCTCAGTCATCTTGGTTCAGGGAAG
2155320 GACTRAGGTCCCCTTTGGTCCCTGCCAATCTGCACCCCACCCCAGTGTGACCCTCAAGAG
2155380 CCTGACTCTGGCCTTTTACAGAATAAATCTGAACARAATCAGGGTTCATTTTAATAGCAA
2155440 CAGGCTGCTGATGCAGACCTTATCAACTCCATCAAACTGTGTTCTTTCAAATGTTACGCT
2155500 CCCCTGGGGGTGTCCCACACCCTGACGTCACACATTCACTCAGTGAAGCCCATATTCATT
2155560 CGGGGAGCTCTTTCTTTCTCTCTTCTCTAACACACACTCTCCTTGGTTAGCTGGCTGCTG
2155620 ATCAACATTTCTGGATATACTGGTTTTCAGGAARATATGATGGTTGGCTTCCAATCCCAG
2155680 ATTTTTCACTGATGGGTTCCATATTTACACCATCTTGGCCACAGTCTCTGGGTCACCATT
2155740 TCCACACATACCCACACACCATAARGAGAGGCTTTTTCTGAGTCTTCTGTTCATGCAGTC
2155800 TGGAATTGTATTTGCTTTTGTTTTGGGGCATCCTGGGCAGCTCATTCCACTAATAGGCAT
2155860 AACCATAACCATTGCAGTCTCCACTTACTGACATTTACAACTTTCCAGGCACATGCTAGG
2155920 GACCTTACATTCATTATTTCATTTTATTCTCACATCACAACCTTGTGAGGTGGAGGAGCA
2155980 TGATGGAAGGAGGAAGGAGCTAAAAGCAAAGAATCTGGAGTCCGACTGCCTGGGTTCARA
2156040 TCCTAGCTCTACCAATTTCCAGCTCTGTARCATCGAGCTAATTTCCTAACCTCTCTATGC
2156100 CATTTCCCTATCTCTAAAAGGAAGCTGACAATAGCATCTATCTCATAGGATTTGTACGAR
2156160 GATTARAATGAGTCAATATTTATAAAGTGTTCGGAATGATACCTGACATCTGGTAATGGTT

2156220 TGATARATAAAATCCATTTTAATGATGAGGAAACAGGCTCAGAAGAGGGCGCTCATTTGC



U.S. Patent Jul. 28, 2015 Sheet 13 of 33 US 9,090,947 B2

FIGURE 2 cont.

2156280 TCATGTGGTACAGATAGGTTCCAGACTCAAACTCAAGACCATCTGACTCTAAARCATCTA
2156340 ARACTGTTGCCCCGCATTCTCTTCATTTGACAGATAATAAAACTGAGGCTCAGAGAAGCT
2156400 AAGTGACTCGCCTGGGACTGCACAGCAAATCAAGACAAATAAGACCTAGGGTCTCCTGAC
2156460 TGCCAGAGTGGAGATGCTTCTATAGGCTTTTCTCACTGATGCTCTCTGGGCAGACAGGCT
2156520 CCTCAATATGAGAGTGACACACACTCCTTTCTTCATTTTCAGGTAAACCTCACACTGGTT
2156580 GGCAGAAGGAACTATACCAATAATTAGTGRAACATGCGGTGAATTTGCAACAGACARGAGG
2156640 AGCCTCATTATCCTATAGTTTCCAGGTTGCTTAGGGAGGCAGAAATCACAGCARGGAAAA
2156700 CCTTCAATAATAAACAGACGTCTCATAAAATTAATTGCAACCCAACCTCTCTCTCTACTT
2156760 AAAATTAGCATCTATTTCCAGCTCTGCTTTCAATGCCCCATATGAATACATGTGAACTCC
2156820 CTCCCTCTCTTCCTCCCTGTCTCCTTCTCTCTCTCTCTGTCCCTCATTAAARAATARAAAT
2156880 TTAAGAAARRAATACAAGGTAGATTTACACARATAGTGGGATCTCAGTCTTGAGTTAGCT
2156940 GTGTATGACTGARAAGGATGCTGTGGTTAATAATTATCATAAAAACAATGACATGGCCGG
2157000 GCACAGTGGCTCACGCCTGTAATCCCAGAACTTTGGGAGGCCGAGGCAGGCAGATCACTT
2157060 GAGGCCAGGAGTTTGAGACCAGCCTGGCCAACATGGTGAAACTGCATCTCTACTAAARAAT
2157120 ACAARAATTAGCCGGGCATCAATGGCCAGCCCCTGTAATCCCAGCTAATCAGGAGTCTGA
2157180 GGCAGGCGAATCACTTGAACCTGGGGGCTGETGGTTGCAGTGAGCCGAGCTCACACCACT
2157240 GCACTCCAGCCTGGGCGACAGAGTGAGACTACATCTCAARAAAACAAAAACAPAACAAGCA
2157300 AAARARACCCCACAGTAACACAAAAGTAATAAAACTGCTGCTATTTACTCAGTGCTTATC
2157360 TGATGCCAGCCACTTTGCTAAGCCTATGAATGCATTATTTCCCCGTTGCTACAGATGAGA
2157420 GAATTGAGGTTCAGACAGGTTGAAATCATTGCTCCCAAAGTCACACAACTGGTGAGTGGC
2157480 AGAGCTGGGATGCAAACCCTAAACTGCCAGCCCTCAAAGCCTGTGCTCTTAATCTCCACC
2157540 CTGCTGTGCTTCCTTGTCCATTTAATTAAGCTCCACAGGCACACATTCCACGCCCTCCTT
2157600 TGCTGTACAATCCCAGGCAAGTCGCTCAGCTTCTCTGAGCCTCAGTTTCATAATCTGTCA
2157660 AATGGAGGTAACACAAATAATTCCTAGTTGTGACCAAGAATCATCATAGARATCTGCCAT
2157720 TTCCAGCCTATTGTGCAATTCCTCAAGCACTGTGACTCCAAGTGGCATCAGCTCCTGGAA
2157780 GAACACACTGTCTTACTGTTGTTTCCTCCTTTGTCAACTGATCCCCCCTTGAACCTCACT
2157840 CTACCTCTGCTCTCAATGCCCCATCTACTGCCACCTGATTAAATAAAATCTTTTTTGAAA
2157900 ATCATAAGTGTCATGAGTAAGGTTTCTTGGTGTTGATGTAGAAGAACAAAACAGAATTGT

2157960 GAAATGAGAATCACTGCAGCTATCATGAAGTCCTGCCTAC
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ID NO:20

MMDLRNTPAK
GGSSGKGTTL
VQAPRWXNPR
QKEGEFSTCF

ID NO:21

SVSRRDKSKQ
GFLKERCFRG
IQEIRRQLEA
LTGXYKPNPQ

ID NO:22

MMDLRNTPAK
GGSSGKGTTL
VOAPRWXNPR
QKEGEFSTCF

ID NO:23

SVSRRDKSKQ
GFLKERCFRG
IQEIRRQLEA
LTGXYKPNPQ
VWPSHQAWWV

ID NO:24

SVSRRDKSKQ
CGFLKERCFR
FIQEIRRQLE
QLTGXYKPNP
NVWPSHPACW

ID NO:25

MMDLRNTPAK
GGSSGKGTTL
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ID NO:26

MMDLRNTPAK
GGSSGKGTTL
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ERGSMKTHFN
PADPTGNLGG
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LPDTCFRMQI
FLSPLTTFQD
LGEGVEFDVL
RPTKLKSLIR

LLMMDLRNTP
VKGGSSGKGT
FEVQAPRWGN
DLQKEGEFST

LPDTCFRMQI
FLSPLTTFQD
LGEGVEFDVL
RPTKLKSLIR

LLMMDLRNTP
VKGGSSGKGT
FEVQAPRWGN
DLQKEGEFST

LLSMMDLRNT
VVKGGSSGKG
KFPEVQAPRWG
TDLOKEGEFS

LPDTCFRMQI
FLSPLTTFQD
LGEGVEFDVL
RPTKLKSLIR

LPDTCFRMQI
FLSPLTTFQD
LGEGVEFDVL
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LVINYQQLCI
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XHAIDIXCGF
QLNRRGEFIQ
PAFDALGQLT
LVKHWYQN

AKSLDKFIED
TLRGRSDADL
PRALSFVLSS
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XHAIDIICGF
QLNRRGEFIQ
PAFDALGQLT
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AKSLDKFIED
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PAKSLDKFIE
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TCFTELQRDF
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QLNRRGEFIQ
PAFDALGQLT
LVKHWYQNCK
YWTKYYDFKX
CFKNWDGSPV
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YPVCVSKVVK
RERAXSVKFE
VKLIEECTDL

QIXHAIDIIC
QDOLNRRGEF
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MQIXHAIDII
FQDQLNRRGE
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YPVCVSKVVK
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VKLIEECTDL
IFI

YPVCVSKVVK
RERAXSVKFE
VKLIEECTDL
ALELLTVYAW
LTKPRPVILD
LREVRSLAQG
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ID NO:27

MMDLRNTPAK
GGSSGKGTTL
VOAPRWXNPR
QKEGEFSTCF
ERGSMKTHFN
PADPTGNLGG
XIRNMVTLEH
SGGTLDPEXT

ID NO:28

MMDLRNTPAK
GGSSGKGTTL
VOQAPRWXNPR
QKEGEFSTCF
ERGSMKTHFN
PADPTGNLGG

ID NQ:29

MMDLRNTPAK
GGSSGKGTTL
VQAPRWXNPR
QKEGEFSTCF
ERGSMKTHFN
PADPTGNLGG
SEHAVNLQQT

ID NO:30
AESNSXDDET

ID NO:31

GCTGAAAGCA
TACATTGGAA
TCCACCCCAC
GGGGGAAAGG
TCCAGAGARG
CCTGACTCCT
CTTCATTCCA
AGAATGARAT
TATTATCAAT

ID NO:32

MMDLRNTPAK
GGSSGKGTTL
VQAPRWXNPR
QKEGEFSTCF
ERGSMKTHFN
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LPDTCFRMQI
FLSPLTTFQD
LGEGVEFDVL
RPTKLKSLIR
LVINYQQLCI
QEAEAWLNYX
AHSRQHPPHR
GONPGLLTPG

LPDTCFRMQI
FLSPLTTFQD
LGEGVEFDVL
RPTKLKSLIR
LVINYQQLCI
QEAEAWLNYX

LPDTCFRMQIL
FLSPLTTFQD
LGEGVEFDVL
RPTKLKSLIR
LVINYQQLCI
QEAEAWLNYX
VA

YIGTHEYPHF

CGATGAGACC
CCCTCATTTC
GGACTGGACC
TATCTGGACC
TCAGTGAGCT
GCCCTCTATC
GAARATATTC
ACTTTCTTCT
ATAAAGCAAA

LPDTCFRMQI
FLSPLTTFQD
LGEGVEFDVL
RPTKLKSLIR
LVINYQQLCI

XHAIDIICGF
QLNRRGEFIQ
PAFDALGQLT
LVKHWYQNCK
YWTKYYDFKX
CFKNWDGSPV
QKRTGPAPSS
LLCPLSYHR
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QLNRRGEFIQ
PAFDALGQLT
LVKHWYQNCK
YWTKYYDFKX
CFKNWDGS PV

XHAIDIICGF
QLNRRGEFIQ
PAFDALGQLT
LVKHWYQNCK
YWTKYYDFKX
CFKNWDGSPV

SHRPSTLQAA

GACGATCCCA
TCTCATAGAC
TGCACCATCC
AGTTCCTTCA
GGTGTATAAT
CTATCATAGA
CCTGAGAGAG
GTGCACCTGA
TACCATTTA

XHAIDIICGF
QLNRRGEFIQ
PAFDALGQLT
LVKHWYQNCK
YWTKYYDFKX

LKERCFRGSS
EIRRQLEACQ
GXYKPNPQIY
KKLGKLPPQY
PIIEKYLRRQ
SSWILLLKAT
ECQCILGERA

LKERCFRGSS
EIRRQLEACQ
GXYKPNPQTIY
KKLGKLPPQY
PITEKYLRRQ
SSWILLIKLR

LKERCFRGSS
EIRRQLEACQ
GXYKPNPQIY
KKLGKLPPQY
PIIEKYLRRQ
SSWILLVNLT

STPQAEEDWT

GGASGTATCA
CCAGCACACT
TCTGAATGCC
TTTTCAGGTG
CCAGGACAGA
TAACATTCTC
AACAGAGAGA
TGGGAGGGTA

LKERCFRGSS
EIRRQLEACQ
GXYKPNPQIY
KKLGKLPPQY
PIIEKYLRRQ
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YPVCVSKVVK
RERAXSVKFE
VKLIEECTDL
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CTIL

GAAATATGGT
CCAGGCAGCA
AGTGCATCTT
GGACTCTTGA
ACCCAGGTCT
CACAGCCTCA
TTTAGATAAG
ATGTCTAATG

YPVCVSKVVK
RERAXSVKFE
VKLIEECTDL
ALELLTVYAW
LTKPR
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ID NQ:34
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GGSSGKGTTL
VQAPRWXNPR
QKEGEFSTCF
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XYQKYGYIGT
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LBDTCFRMQT
FLSPLTTFQD
LGEGVEFDVL
RPTKLKSLIR
LVINYQQLCI
QEAERWLNYX

LPDTCFRMQI
FLSPLTTFQD
LGEGVEFDVL
RPTKLKSLIR
LVINYQQLCI
QEAEAWLNYX

-STLOAASTPQ

LPDTCFRMQI
FLSPLTTFQD
LGEGVEFDVL
RPTKLKSLIR
LVINYQQLCI
QEAEAWLNYX
YLDQFLHFQV

XHAIDIICGF
QLNRRGEFIQ
PAFDALGQLT
LVKHWYQNCK
YWTKYYDFKX
CFKNWDGS PV

XHAIDIICGF
QLNRRGEFIQ
PAFDALGQLT
LYKHWYQNCK
YWTKYYDFKX
CFKNWDGS PV
AEEDWTCTIL

XHAIDIICGF
QLNRRGEFIQ
PAFDALGQLT
LVKHWYQNCK
YWTKYYDFKX
CFKNWDGSPV
GLLIQRXQSS

LKERCFRGSS
EIRRQLEACQ
GXYKPNPQTY
KKLGKLPPQY
PITEKYLRRQ
SSWILLVRPP

LKERCFRGSS
EIRROLEACQ
GXYKPNPQIY
KKLGKLPPQY
PITEKYLRRQ
SSWILLAESN

LKERCFRGSS
ETIRRQLEACQ
GXYKPNPQTIY
KKLGKLPPQY
PIIEKYLRRQ
SSWILLTQHT
SVSWCIIODR
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YEVCVSKVVK
RERAXSVKFE
VKLIEECTDL
ALELLTVYAW
LTKPRPVILD
ASSLPFIPAP

YPVCVSKVVK
RERAXSVKFE
VKLIEECTDL
ALELLTVYAW
LTKPRPVILD
SXDDETDDPR

YPVCVSKVVK
RERAXSVKFE
VKLIEECTDL
ALELLTVYAW
LTKPRPVILD
PGSIHPTGRR
TQVS

SEQ ID NO:36
GAGGCAGTTCTGTTGCCACTCTCTCTCCTGTCAATGATGGATCTCAGAAATACCCCAGCCAAATCTCTGGACAAGTT
CATTGAAGACTATCTCTTGCCAGACACGTGTTTCCGCATGCAAATCAACCATGCCATTGACATCATCTGTGGGTTCC
TGAAGGARAGGTGCTTCCGAGGTAGCTCCTACCCTGTGTGTGTGTCCAAGGTGCTAAAGGGTGGCTCCTCAGGCRAAG
GGCACCACCCTCAGAGGCCGATCTGACGCTGACCTGGTTGTCTTCCTCAGTCCTCTCACCACTTTTCAGGATCAGTT
AAATCGCCGGGGAGAGTTCATCCAGGAAATTAGGAGACAGCTGGAAGCCTGTCAAAGAGAGAGAGCATTTTCCGTGA
AGTTTGAGGTCCAGGCTCCACGCTGGGGCAACCCCCGTGCGCTCAGCTTCGTACTGAGT TCGCTCCAGCTCGGGGAG
GGGETGGAGTTCGATGTGCTGCCTGCCTTTGATGCCCTGGGTCAGTTGACTGGCRGCTATARACCTAACCCCCAAAT
CTATGTCAAGCTCATCGAGGAGTGCACCGACCTGCAGAAAGAGGGCGAGTTCTCCACCTGCTTCACAGAACTACAGA
GAGACTTCCTGAAGCAGCGCCCCACCAAGCTCAAGAGCCTCATCCGCCTAGTCAAGCACTGGTACCAAAATTGTAAG
AAGAAGCTTGGGAAGCTGCCACCTCAGTATGCCCTGGAGCTCCTGACGGTCTATGCTTGGGAGCGAGGGAGCATCAA
AACACATTTCAACACAGCCCAGGGATTTCGGACGGTCTTGGAATTAGTCATAAACTACCAGCAACTCTGCATCTACT
GGACRAAGTATTATGACTTTAAAAACCCCATTATTGAAAAGTACCTGAGAAGGCAGCTCACGAAACCCAGGCCTGTG
ATCCTGGACCCGGCGGACCCTACAGGAAACTTGGGTGGTGCGAGACCCARAGGGTTGEGAGGCAGCTGGCACAAGAGGT
TGAGGCCTGGCTGAATTACCCATGCTTTAAGAATTGGGATGGGTCCCCAGTGAGCTCCTGGATTC TGCTGGTGAGAC
CTCCTGCTTCCTCCCTGCCATTCATCCCTGCCCCTCTCCATGAAGCTTGAGACATATAGCTGGAGACCATTCTTTCC
AAAGAACTTACCTCTTGCCAAAGGCCATTTATATTCATATAGTGACAGGCTGTGCTCCATATTTTACAGTCATTTTG
GTCACAATCGAGGGTTTCTGGAATTTTCACATCCCTTGTCCAGAATTCATTCCCCTAAGAGTAATAATAAATAATCT
CTAACACCATTTATTGACTGTCTGCTTCGGGCTCAGGTTCTGTCCTAAGCCCTTTAATATGCACTCTCTCATTARAT
A

SEQ ID NO:37

GAGGCAGTTCTGTTGCCACTCTCTCTCCTGTCAATGATGGATCTCAGAAATACCCCAGCCAAATCTCTGGACAAGTT
CATTGAAGACTATCTCTTGCCAGACACGTGTTTCCGCATGCAAATCAACCATGCCATTCGACATCATCTGTGGGTTCC
TGAAGGAAAGGTGCTTCCGAGGTAGCTCCTACCCTGTGTGTGTGTCCAAGGTGETAAAGGGTGGCTCCTCAGCCAAG
GGCACCACCCTCAGAGGCCGATCTGACGCTGACCTGGTTGTCTTCCTCAGTCCTCTCACCACTTTTCAGGATCAGTT
AAATCGCCGGGGAGAGTTCATCCAGGAAAT TAGGAGACAGCTGGAAGCCTGTCAAAGAGAGAGAGCATTTTCCGTGA
AGTTTGAGGTCCAGGCTCCACGCTGGGGCAACCCCCGTGCGCTCAGCTTCCTACTGAGTTCGCTCCAGCTCGGGCAG
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GGGGTGGAGTTCGATGTGCTGCCTGCCTTTGATGCCCTGGGTCAGTTGACTGGCRGCTATARACCTAACCCCCAAAT
CTATGTCAAGCTCATCGAGGAGTGCACCGACCTGCAGAAAGAGGGCGAGTTCTCCACCTGCTTCACAGAACTACAGA
GAGACTTCCTGAAGCAGCGCCCCACCAAGCTCAAGAGCCTCATCCGCCTAGTCARGCACTGGTACCAAAATTGTAAG
AAGAAGCTTGGGAAGCTGCCACCTCAGTATGCCCTGGAGCTCCTGACGGTCTATGCTTGGGAGCGAGGGAGCATGAR
AACACATTTCAACACAGCCCAGGGATTTCGGACGGTCTTGGAATTAGTCATAAACTACCAGCAACTCTGCATCTACT
GGACAAAGTATTATGACTTTAAAAACCCCATTATTGAAAAGTACCTGAGAAGGCAGCTCACGARACCCAGGCCTGTG
ATCCTGGACCCGGCGGACCCTACAGGARAACTTGGGTGGTGGAGACCCAAAGGGTTGGAGGCAGCTGGCACAAGAGGC
TGAGGCCTGGCTGAATTACCCATGCTTTARGAATTGGGATGGGTCCCCAGTGAGCTCCTGGATTCTGCTGGCTGAAA
GCAACAGTRCAGACGATGAGACCGACGATCCCAGGASGTATCAGAAATATGGTTACATTGGAACACATGAGTACCCT
CATTTCTCTCATAGACCCAGCACACTCCAGGCAGCATCCACCCCACAGGCAGAACAGGACTGGACCTGCACCATCCT
CTGAATGCCAGTGCATCTTGGGGGAAAGGGCTCCAGTGTTATCTGGACCAGTTCCTTCATTTTCAGGTGGGACTCTT
GATCCAGAGARGACAAAGCTCCTCAGTGAGCTGGTGTATAATCCAGGACAGAACCCAGGTCTCCTGACTCCTGGCCT
TCTATGCCCTCTATCCTATCATAGATAACATTCTCCACAGCCTCACTTCATTCCACCTATTCTCTGAAAATATTCCC
TGAGAGAGAACAGAGAGATTTAGATAAGAGAATGAAATTCCAGCCTTGACTTTCTTCTGTGCACCTGATGGGAGGGT
AATGTCTAATGTATTATCAATAACAATAAAAATAAAGCAAATACCATTTATTGGGTGTTTATTAACTTCAAGGCACA
GAGCCAAGAAGTACAGATGCATATCTAGGGGTATTGTGTCTGTATATACATTGATTCAACAAGARATATTTATTGAG
CACTT

SEQ ID NO:38
GAGGCAGTTCTGTTGCCACTCTCTCTCCTGTCAATGATGGATCTCAGAAATACCCCAGCCAAATCTCTGGACAAGTT
CATTGAAGACTATCTCTTGCCAGACACSTGTTTCCGCATGCAAATCAACCATGCCATTGACATCATCTGTGGGTTCC
TGAAGGAAAGGTGCTTCCGAGGTAGCTCCTACCCTGTGTGTGTGTCCAAGGTGCTAAAGGGTGCGCTCCTCAGGCAAG
GGCACCACCCTCAGAGGCCGATCTGACGCTGACCTGGTTGTCTTCCTCAGTCCTCTCACCACT TTTCAGGATCAGTT
AAATCGCCGGGGAGAGTTCATCCAGGAAATTAGGAGACAGCTGGARGCCTGTCARAGAGAGAGAGCATTTTCCGTGA
AGTTTGAGGTCCAGGCTCCACGCTGGGGCAACCCCCCTGCGCTCAGCTTCGTACTGAGTTCGCTCCAGCTCCGGGAG
GGGGTGGAGTTCGATGTGCTGCCTGCCTTTGATGCCCTGGGTCAGTTGACTGGCRGCTATAAACCTAACCCCCAAAT
CTATGTCAAGCTCATCGAGGAGTGCACCGACCTGCAGRAAGAGGGCGAGTTCTCCACCTGCTTCACAGAACTACAGA
GAGACTTCCTGAAGCAGCGCCCCACCAAGCTCAAGAGCCTCATCCGCCTAGTCAAGCACTGGTACCAAAATTGTAAG
AAGAAGCTTGGGAAGCTGCCACCTCAGTATCGCCCTGGAGCTCCTGACGGTCTATGCTTGGGAGCGAGGGAGCATGAA
AACACATTTCAACACAGCCCAGGGATTTCGGACGGTCTTGGAATTAGTCATAAACTACCAGCAACTCTGCATCTACT
GGACAAAGTATTATGACTTTAAAAACCCCATTATTGAAAAGTACCTGAGAAGGCAGCTCACGAAACCCAGGCCTGTG
ATCCTGGACCCGGCGGACCCTACAGGARACTTGGGTGGTGGAGACCCAAAGGGTTGCGAGGCAGCTGGCACAAGAGGC
TGAGGCCTGGCTGAATTACCCATGCTTTARGAATTGGGATGGGTCCCCAGTGAGCTCCTGGATTCTGCTGACCCAGC
ACACTCCAGGCAGCATCCACCCCACAGGCAGAAGAGGACTGGACCTGCACCATCCTCTGAATGCCAGTGCATCTTGG
GGGAAAGGGCTCCAGTGTTATCTGGACCAGTTCCTTCATTTTCAGGTGGGACTCTTGATCCAGAGARGACAAAGCTC
CTCAGTGAGCTGGTGTATAATCCAGGACAGAACCCAGGTCTCCTGACTCCTGGCCTTCTATGCCCTCTATCCTATCA
TAGATAACATTCTCCACAGCCTCACTTCATTCCACCTATTCTCTGAAAATATTCCCTGAGAGAGAACAGAGAGATTT
AGATARGAGAATGAARATTCCAGCCTTGACTTTCTTCTGTGCACCTGATGGGAGGGTAATGTCTAATGTATTATCAAT
AACAATAAAAATAANGCAAATACCATTTATTIGGGTGTTTATTAACTTCAAGGCACAGAGCCAAGAAGTACAGATGCA
TATCTAGGGGTATTGTGTGTGTATATACATTGATTCAACAAGAAATATTTATTGAGCACTT

SEQ ID NO:39

GAGGCAGTTCTGTTGCCACTCTCTCTCCTGTCAATGATGGATCTCAGAAATACCCCAGCCAAATCTCTGGACAAGTT
CATTGARGACTATCTCTTGCCAGACACGTGTTTCCGCATGCAAATCAACCATGCCATTGACATCATCTGTGGGTTCC
TGAAGGAAAGGTGCTTCCGAGGTAGCTCCTACCCTGTGTGTGTGTCCAAGGTGGTAAAGGGTCGCTCCTCAGGCAAG
GGCACCACCCTCAGAGGCCGATCTGACGCTGACCTGGTTGTCTTCCTCAGTCCTCTCACCACTTTTCAGGATCAGTT
AAATCGCCGGGGAGAGTTCATCCAGGARATTAGGAGACAGCTGGAAGCCTGTCAAAGAGAGAGAGCATTTTCCGTGA
AGTTTGAGGTCCAGGCTCCACGCTGGGGCAACCCCCGTGCGCTCAGCTTCGTACTGAGTTCGCTCCAGCTCGGGGAG
GGGGTGGAGTTCGATGTGCTGCCTGCCTTTGATGCCCTGGGTCAGTTGACTCGCRGCTATARACCTAACCCCCAAAT
CTATGTCAAGCTCATCGAGGAGTGCACCGACCTGCAGAAAGAGGGCGAGTTCTCCACCTGCTTCACAGAACTACAGA
GAGACTTCCTGAAGCAGCGCCCCACCAAGCTCAAGAGCCTCATCCGCCTAGTCAAGCACTGGTACCAAAATTGTAAG
AAGAAGCTTGGGAAGCTGCCACCTCAGTATGCCCTGGAGCTCCTGACGGTCTATGCTTGGGAGCGACGGAGCATGAR
AACACATTTCAACACAGCCCAGGGATTTCGGACGGTCTTGGAATTAGTCATAAACTACCAGCAACTCTGCATCTACT
GGACAAAGTATTATGACTTTAAAAACCCCATTATTGAAAAGTACCTGAGAAGGCAGCTCACGAAACCCAGGCCTCTG
ATCCTGGACCCGGCGGACCCTACAGGAARACTTGGGTGGTGGAGACCCAAAGGGTTGGAGGCAGCTGGCACAAGAGGE
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TGAGGCCTGGCTGAATTACCCATGCTTTAAGAATTGCGATGGGTCCCCAGTGAGCTCCTGGATTCTGCTGCTGAAAG
CAACAGTRCAGACGATGAGACCGACGATCCCAGCGASGTATCAGAAATATGGTTACATTGGAACACATGAGTACCCTC
ATTTCTCTCATAGACCCAGCACACTCCAGGCAGCATCCACCCCACAGGCAGAAGAGGACTGGACCTGCACCATCCTC
TGAATGCCAGTGCATCTTGGGGGAAAGGGCTCCAGTGTTATCTGGACCAGTTCCTTCATTTTCAGGTGGGACTCTTG
ATCCAGAGARGACAAAGCTCCTCAGTGAGCTGGTGTATAATCCAGGACAGAACCCAGGTCTCCTCGACTCCTGGCCTT
CTATGCCCTCTATCCTATCATAGATAACATTCTCCACAGCCTCACTTCATTCCACCTATTCTCTGARAATATTCCCT
GAGAGAGAACAGAGAGATTTAGATAAGAGAATGAAATTCCAGCCTTGACTTTCTTCTGTGCACCTGATGGGAGGGTA
ATGTCTAATGTATTATCAATAACAATAAAAATAAAGCAAATACCATTTATTGGGTGTTTATTAACTTCAAGGCACAG
AGCCARAGAAGTACAGATGCATATCTAGGGGTATIGTGTGTGTATATACATTGATTCARCAAGAAATATTTATTGAGC
ACTT

SEQ ID NO:40
GAGGCAGTTCTGTTGCCACTCTCTCTCCTGTCAATGATGGATCTCAGRAATACCCCAGCCAAATCTCTGGACAAGTT
CATTGAAGACTATCTCTTGCCAGACACGTGTTTCCGCATGCAAATCAACCATGCCATTGACATCATCTGTGGGTTCC
TGAAGGAAAGGTGCTTCCGAGGTAGCTCCTACCCTGTGTGTGTGTCCAAGGTCGGTAAAGGGTGGCTCCTCAGGCAAG
GGCACCACCCTCAGAGGCCGATCTGACGCTGACCTGGTTGTCTTCCTCAGTCCTCTCACCACTTTTCAGGATCAGTT
AAATCGCCGGGGAGAGTTCATCCAGGAAATTAGGAGACAGCTGGAAGCCTGTCAAAGAGAGAGAGCATTTTCCGTGA
AGTTTGAGGTCCAGGCTCCACGCTGGGGCAACCCCCGTGCGCTCAGCTTCGTACTGAGTTCGCTCCAGCTCGGGGAG
GGGGTGGAGTTCGATGTGCTGCCTGCCTTTGATGCCCTGGGTCAGTTGACTGGCRGCTATAAACCTAACCCCCAAAT
CTATGTCAAGCTCATCGAGGAGTGCACCCGACCTGCAGAAAGAGGGCGAGTTCTCCACCTGCTTCACAGAACTACAGA
GAGACTTCCTGAAGCAGCGCCCCACCAAGCTCAAGAGCCTCATCCGCCTAGTCARGCACTGGTACCAAAATTGTAAG
AAGAAGCTTGGGAAGCTGCCACCTCAGTATGCCCTGGAGCTCCTGACGGTCTATGCTTGGGAGCGAGGGAGCATGAA
AACACATTTCAACACAGCCCAGGGATTTCGGACGGTCTTGGAATTAGTCATARACTACCAGCAACTCTGCATCTACT
GCGACAAAGTATTATGACTTTAAAAACCCCATTATTGAAAAGTACCTGAGAAGGCAGCTCACGAAACCCAGGCCTGTG
ATCCTGGACCCGGCGGACCCTACAGGAARACTTGGGTGGTGCAGACCCAAAGGGTTGGAGGCAGCTGGCACAAGAGGC
TGAGGCCTGGCTGAATTACCCATGCTTTAAGAATTGGGATCGGGTCCCCAGTGAGCTCCTGGATTCTGCTGATGAGAC
AAAGGCTCAGAGAGGTGAGGTCACTTGCTCAAGGACATCAGCTAACAAGTGGTGGAAATCGGAATTCAAGCTCAGTGG
ACTCTAAAGCCAGTGCTCATGTCACTGTGCTARAACAGCCTGCCTTGTCACATCCCCACCTCTCATCTGACCAATGGG
AGACTCTGAGCAGCTGAGTGACTTGGGTTGTCACACAGCTAAACAGGGGCANAGGACCCAGTCTTGGATCTTTCCAC
CTCCAAGCAGGAATCTGTCTGATTCCAGGGGATTGATGATCTTGCAGATGGCTAGGAAGCAGACTCCAGGATGGAAT
TTAGTATGCAGGATGTTCTGGGGGAGAGCCACTGGAACCAGCACTCAGGGAAAGGGGGGAAGAAAGGATAGGAAGGA
AGCATGAAARGAGAATAGGGAGAAGTGAACAGGGATGCAGAGCGAATGCCAGTTTCAGCCAACTCCAAGGACAGCCCT
GGAGCTGGAATGGCCTTTAGAGCTGCCCCATGGTGACAGAGGTGGCCAGGCTTCTATACCCCTACGTGGATCACTCA
CTGTGCTTGGGCACCTTGGGARAGGGCATGGCTTTGAGCARAAGGCTCTCTGCAGCTGAGGCAACCCCTAAAAGGGC
TGACGGCTGAAGTCTGTCTGCTGACCACTGTCCCAGCAGCTGGGGCTTGTTAGTCCTTCCTCARAGGGGGATCCAGA
TGGCATGTCACAGTGTCTACCGTAAATGCTCACTGAATCCAGCTGCAATGCACGAAGACTCCCTGATGTGATCATGT
GTCTCACCCTTTCARGCTGAAAGCAACAGTRCAGACGATGAGACCCGACGATCCCAGGASGTATCAGAARATATGGTTA
CATTGGAACACATGAGTACCCTCATTTCTCTCATAGACCCAGCACACTCCAGGCAGCATCCACCCCACAGGCAGAAG
AGGACTGGACCTGCACCATCCTCTGAATGCCAGTGCATCTTGGGGCGAAAGGGCTCCAGTGTTATCTGGACCAGTTCC
TTCATTTTCAGGTGGGACTCTTGATCCAGAGARGACAAAGCTCCTCAGTGAGCTGGTGTATAATCCAGGACAGAACC
CAGGTCTCCTGACTCCTGGCCTTCTATGCCCTCTATCCTATCATAGATAACATTCTCCACAGCCTCACTTCATTCCA
CCTATTCTCTGAAAATATTCCCTGAGAGAGAACAGAGAGATT TAGATAAGAGAATGAAATTCCAGCCTTGACTTTCT
TCTGTGCACCTGATGGGAGGGTAATGTCTAATGTATTATCAATAACAATAAAAATAAAGCAAATACCATTTATTGGG
TGTTTATTRACTTCAAGGCACARGAGCCAAGAAGTACAGATGCATATCTAGGGGTATTGTGTGTGTATATACATTGAT
TCAACAAGAAATATTTATTGAGCACTT

SEQ ID NO:41

GAGGCAGTTCTGTTGCCACTCTCTCTCCTGTCAATGATGGATCTCAGAAATACCCCAGCCAAATCTCTGGACAAGTT
CATTGAAGACTATCTCTTGCCAGACACGTGTTTCCGCATGCARATCAACCATGCCATTGACATCATCTGTGGGTTCC
TGAAGGAAAGGTGCTTCCGAGGTAGCTCCTACCCTGTGTGTGTGTCCAAGGTGGTAAAGGGTGGCTCCTCAGGCARG
GGCACCACCCTCAGAGGCCGATCTGACGCTGACCTGGTTGTCTTCCTCAGTCCTCTCACCACTTTTCAGGATCAGTT
AAATCGCCGGGGAGAGTTCATCCAGGAAATTAGGAGACAGCTGGAAGCCTGTCAAAGAGAGAGAGCATTTTCCGTGA
AGTTTGAGGTCCAGGCTCCACGCTGGGGCAACCCCCGTGCCGCTCAGCTTCGTACTGAGTTCGCTCCAGCTCGGCGAG
GGGGTGGAGTTCGATGTGCTGCCTGCCTTTGATGCCCTGGGTCAGTTGACTGGCRGCTATAAACCTAACCCCCAAAT
CTATGTCAAGCTCATCGAGGAGTGCACCGACCTGCAGAAAGAGGGCGAGTTCTCCACCTGCTTCACAGAACTACAGA
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GAGACTTCCTGAAGCAGCGCCCCACCAAGCTCAAGAGCCTCATCCGCCTAGTCAAGCACTGGTACCAARATTGTAAG
AAGAAGCTTGGGAAGCTGCCACCTCAGTATGCCCTGGAGCTCCTGACGGTCTATGCTTGGGAGCGAGGGAGCATGAA
AACACATTTCAACACAGCCCAGGGATTTCGGACGGTCTTGGAATTAGTCATAAACTACCAGCAACTCTGCATCTACT
GGACAAAGTATTATGACTITAAAAACCCCATTATTGAAAAGTACCTGAGAAGGCAGCTCACGAAACCCAGGCCTGTG
ATCCTGGACCCGGCGGACCCTACAGGAAACTTGGGTCGGTGGAGACCCAAAGGGTTGGAGGCAGCTGGCACAAGAGGT
TGAGGCCTGGCTGAATTACCCATGCTTTAAGAATTGGGATGGGTCCCCAGTGAGCTCCTGGATTCTGCTGGTAAACT
TCACACTGGTTGGCAGAAGGAACTATACCAATAATTAGTGAACATGCGGTGAATTTGCAACAGACAAGASGAGCCTC
ATTATCCTATAGTTTCCAGGTTGCTTAGGGAGGCAGAMATCACAGCAAGGAAAACCTTCAATAATAAACAGACGTCT
CATAARAATTAATTGCAACCCAACCTCTCTCTCTACTTARAATTAGCATCTATTTCCAGCTCTGCTTTCAATGCCCCA
TATGAATACATGTGAACTCCCTCCCTCTCTTCCTCCCTGTCTCCTTCTCTCTCTCTCTGTCCCTCATTAAAAAATAA
AATTTAAGAAAAANATACAAGGTAGATTTACACAAATAGTGGGATCTCAGTCTTGAGT TAGCTGTGTATGACTGAAA
AGGATGCTGTGGTTAATAATTATCATAAAAACAATGACATGGCCGGG

SEQ ID NO:42
GAGGCAGTTCTGTTGCCACTCTCTCTCCTGTCAATGATGGATCTCAGAAATACCCCAGCCAAATCTCTGGACAAGTT
CATTGAAGACTATCTCTTGCCAGACACGTGTTTCCGCATGCARAATCAACCATGCCATTGACATCATCTGTGGGTTCC
TGAAGGAAAGGTGCTTCCGAGGTAGCTCCTACCCTGTGTGTGTGTCCAAGGTGGTANAGGGTGGCTCCTCAGGCAAG
GGCACCACCCTCAGAGGCCGATCTGACGCTGACCTGGTTGTCTTCCTCAGTCCTCTCACCACTTTTCAGGATCAGTT
ARATCGCCGGGGAGAGTTCATCCAGGAAATTAGGAGACAGCTGGAAGCCTGTCAARGAGAGAGAGCATTTTCCGTIGA
AGTTTGAGGTCCAGGCTCCACGCTGGGGCAACCCCCGTGCGCTCAGCTTCGTACTGAGTTCGCTCCAGCTCGGGGAG
GGGGTGGAGTTCGATGTGCTGCCTGCCTTTGATGCCCTGGGTCAGTTGACTGGCRGCTATAAACCTAACCCCCAAAT
CTATGTCAAGCTCATCGAGGAGTGCACCGACCTGCAGARAGAGGGCGAGTTCTCCACCTGCTTCACAGAACTACAGA
GAGACTTCCTGAAGCAGCGCCCCACCAAGCTCAAGAGCCTCATCCGCCTAGTCAAGCACTGGTACCAAARATTGTARAG
AAGAAGCTTGGGAAGCTGCCACCTCAGTATGCCCTGGAGCTCCTGACGGTCTATGCTTGGGAGCGAGGGAGCATGAA
AACACATTTCAACACAGCCCAGGGATTTCGGACGGTCTTGGAATTAGTCATAAACTACCAGCAACTCTGCATCTACT
GGACAAAGTATTATGACTTTAAAAACCCCATTATTGAARAGTACCTCAGAAGGCAGCTCACGAAACCCAGGCCTGTG
ATCCTGGACCCGGCGGACCCTACAGGAAACTTGGGTGGTGGAGACCCAAAGGGTTGGAGGCAGCTGGCACAAGAGGT
TGAGGCCTGGCTGAATTACCCATGCTTTAAGAATTGGGATGGGTCCCCAGTGAGCTCCTGGATTCTGCTGATAAAAC
TGAGGCTCAGAGAAGCTAAGTGACTCGCCTGGGACTGCACAGCAAATCAAGACAAATAAGACCTAGGGTCTCCTGAC
TGCCAGAGTGGAGATGCTTCTATAGGCTTTTCTCACTGATGCTCTCTGGGCAGACAGGCTCCTCAATATGAGAGTGA
CACACACTCCTTTCTTCATTTTCAGGTAAACCTCACACTGGTTGGCAGAAGGAACTATCCAATAATTAGTGAACATG
CGGTGAATTTGCAACAGACAAGASGAGCCTCATTATCCTATAGTTTCCAGGTTGCTTAGGGAGGCAGARATCACAGC
AAGGAAAACCTTCAATAATAAACAGACGTCTCATARAATTAATTGCAACCCAACCTCTCTCTCTACTTAARATTAGC
ATCTATTTCCAGCTCTGCTTTCAATGCCCCATATGAATACATGTGAACTCCCTCCCTCTCTTCCTCCCTGTCTCCTT
CTCTCTCTCTCTGTCCCTCATTAAAAAATARAATTTAAGAAAAAAATACAAGGTAGATTTACACAAATAGTGGGATC
TCAGTCTTGAGTTAGCTGTGTATGACTGAAAAGGATGCTGTGGT TAATAATTATCATAAAAACAATGACATGGCCGG
G

SEQ ID NO:43

GAGGCAGTTCTGTTGCCACTCTCTCTCCTGTCARTGATGGATCTCAGARATACCCCAGCCAAATCTCTGGACAAGTT
CATTGARGACTATCTCTTGCCAGACACGTGTTTCCGCATGCAAATCAACCATGCCATTGACATCATCTGTGGGTTCC
TGAAGGAAAGGTGCTTCCGAGGTAGCTCCTACCCTGTGTGTGTGTCCARGGTGGTAAAGGGTGGCTCCTCAGGCAAG
GGCACCACCCTCAGAGGCCGATCTGACGCTGACCTGGTTGTCTTCCTCAGTCCTCTCACCACTTTTCAGGATCAGTT
AMATCGCCGGGGAGAGTTCATCCAGGAAATTAGGAGACAGCTGGAAGCCTGTCAAAGAGAGAGAGCATTTTCCGTGA
AGTTTGAGGTCCAGGCTCCACGCTGGGGCAACCCCCGTGCGCTCAGCTTCGTACTGAGTTCGCTCCAGCTCGGGGAG
GGGGTGGAGTTCGATGTGCTGCCTGCCTTTGATGCCCTGGGTCAGTTGACTGGCRGCTATAAACCTAACCCCCAAAT
CTATGTCAAGCTCATCGAGGAGTGCACCGACCTGCAGARAGAGGGCGAGTTCTCCACCTGCTTCACAGAACTACAGA
GAGACTTCCTGARAGCAGCGCCCCACCAAGCTCAAGAGCCTCATCCGCCTAGTCAAGCACTGGTACCAAAATTGTAAG
AAGAAGCTTGGGAAGCTGCCACCTCAGTATGCCCTGGAGCTCCTGACGGTCTATGCTTGGGAGCGAGGGAGCATGAA
AACACATTTCAACACAGCCCAGGGATTTCGGACGGTCTTGGAATTAGTCATAAACTACCAGCAACTCTGCATCTACT
GGACARAGTATTATGACTTTAAARAACCCCATTATTGAAAAGTACCTGAGAAGGCAGCTCACGAAACCCAGGTARACC
TCACACTGGTTGGCAGAAGGAACTATCCAATAATTAGTGAACATGCGGTGAATTTGCAACAGACAAGASGAGCCTCA
TTATCCTATAGTTTCCAGGTTGCTTAGGGAGGCAGAAATCACAGCAAGGAAAACCTTCAATAATAAACAGACGTCTC
ATAAAATTAATTGCAACCCAACCTCTCTCTCTACTTAAAATTAGCATCTATTTCCAGCTCTGCTTTCAATGCCCCAT
ATGAATACATGTGAACTCCCTCCCTCTCTTCCTCCCTGTCTCCTTCTCTCTCTCTCTGTCCCTCATTAAAAAATAAA
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ATTTARGAAAAARATACAAGGTAGATTTACACAAATAGTGGGATCTCAGTCTTGAGTTAGCTGTGTATGACTGARAA
GGATGCTGTGGTTAATAATTATCATARAAACAATGACATGGCCGGG

SEQ ID NO:44
GAGGCAGTTCTGTTGCCACTCTCTCTCCTGCTCAATGATGGATCTCAGAAATACCCCAGCCAAATCTCTGGACAAGTT
CATTGAAGACTATCTCTTGCCAGACACGTGTTTCCGCATGCAAATCAACCATGCCATTGACATCATCTGTGGGTTCC
TGAAGGAAAGGTGCTTCCGAGGTAGCTCCTACCCTGTGTGTCTGTCCAAGGTGGTAAAGTGTAAGAAGAAGCTTGGG
AAGCTGCCACCTCAGTATGCCCTGGAGCTCCTGACGGTCTATGCTTGGGAGCGAGGGAGCATGAAAACACATTTCAA
CACAGCCCAGGGATTTCGGACGGTCTTGGAATTAGTCATAAACTACCAGCARCTCTGCATCTACTGGACAAAGTATT
ATGACTTTAAAAACCCCATTATTGAAAAGTACCTGAGAAGGCAGCTCACGARACCCAGGCCTGTGATCCTGGACCCG
GCGGACCCTACAGGAAACTTGGGTGGTGGAGACCCAAAGGGTTGGAGGCAGCTGGCACAAGAGGCTGAGGCCTGGCT
GAATTACCCATGCTTTAAGAATTGGGATGGGTCCCCAGTGAGCTCCTGGATTCTGCTGGTARACCTCACACTGGTTG
GCAGAAGGAACTATCCAATAATTAGTGAACATGCGGTGAATTTGCAACAGACAAGASGAGCCTCATTATCCTATAGT
TTCCAGGTTGCTTAGGGAGGCAGAAATCACAGCAAGCGAAAACCTTCAATAATAAACAGACGTCTCATARAATTAATT
GCAACCCAACCTCTCTCTCTACTTAAAATTAGCATCTATTTCCAGCTCTGCTTTCARTGCCCCATATGAATACATGT
GAACTCCCTCCCTCTCTTCCTCCCTGTCTCCTTCTCTCTCTCTCTGTCCCTCATTAAAAAATAAAATTTAAGAARAAA
AATACAAGGTAGATTTACACAAATAGTGGGATCTCAGTCTTGAGTTAGCTGTGTATGACTGAAAAGGATGCTGTGET
TAATAATTATCATAAAARACAATGACATGGCCGGG

SEQ ID NO:45
GAGGCAGTTCTGTTGCCACTCTCTCTCCTGTCAATGATGGATCTCAGAAATACCCCAGCCAAATCTCTGGACARGTT
CATTGARAGACTATCTCTTGCCAGACACGTGTTTCCGCATGCAAATCAACCATGCCATTGACATCATCTGTGGGTTCC
TGAAGGARAGGTGCTTCCGAGGTAGCTCCTACCCTGTGTGTGTGTCCAAGGTGGTAAAGTGTAAGAAGAAGCTTGGG
AAGCTGCCACCTCAGTATGCCCTGGAGCTCCTGACGGTCTATGCTTGGGAGCGAGGGAGCATGAAAACACATTTCAA
CACAGCCCAGGGATTTCGGACGGTCTTGCAATTAGTCATAAACTACCAGCAACTCTGCATCTACTGGACAAAGTATT
ATGACTTTAAAAACCCCATTATTGAAAAGTACCTGAGAAGGCAGCTCACGAAACCCAGGTAAACCTCACACTGGTTG
GCAGAAGGAACTATCCAATAATTAGTGAACATGCGGTGAATTTGCARCAGACAAGASGAGCCTCATTATCCTATAGT
TTCCAGGTTGCTTAGGGAGGCAGAAATCACAGCAAGGAAAACCTTCAATAATAAACAGACGTCTCATAAAATTAATT
GCAACCCAACCTCTCTCTCTACTTARAATTAGCATCTATTTCCAGCTCTGCTTTCAATGCCCCATATGAATACATGT
GAACTCCCTCCCTCTCTTCCTCCCTGTCTCCTTCTCTCTCTCTCTGTCCCTCATTARAAALATAAAATTTAAGAAARA
AATACAAGGTAGATTTACACAAATAGTGGGATCTCAGTCTTGAGTTAGCTGTGTATGACTGAABAGGATGCTGTGGT
TAATAATTATCATAARAACAATGACATGGCCGGG

SEQ ID NO:46

1 MMDLRNTPAK

61
121
181

SEQ
1
61
121

SEQ

61
121
181
241
301
SEQ

61

CKKKLGKLPP
KXPIIEKYLR
PVSSWILLVN

ID NO:47

MMDLRNTPAK
CKKKLGKLFPP
KXPIITEKYLR

ID NO:48

MMDLRNTPAK
GGSSGKGTTL
VQAPRWXNPR
QKEGEFSTCF
ERGSMKTHFN
PADPTGNLGG

ID NO:49
MMDLRNTPAK
GGSSGKGTTL

SLDKFIEDYL
QYALELLTVY
RQLTKPRPVI
LTLVGRRNYP

SLDKFIEDYL
QYALELLTVY
RQLTKPR

SLDKFIEDYL
RGRSDADLVV
ALSFVLSSLQ
TELQRDFLKQ
TAQGFRTVLE
GDPKGWRQLA

SLDKFIEDYL
RGRSDADLVV

LPDTCFRMQI
AWERGSMKTH
LDPADPTGNL
IISEHAVNLQ

LPDTCFRMQI
AWERGSMKTH

LPDTCFRMQI
FLSPLTTFQD
LGEGVEFDVL
RPTKLKSLIR
LVINYQQLCI
QEAEAWLNYX

LPDTCFRMQI
FLSPLTTFQD

XHAIDIICGF
FNTAQGFRTV
GGGDPKGWRQ
QTRXASLSYS

XHAIDIICGF
FNTAQGFRTV

XHAIDIICGF
QLNRRGEFIQ
PAFDALGQLT
LVKHWYQNCK
YWTKYYDFKX
CFKNWDGS5PV

XHAIDIICGF
QLNRRGEFIQ

LKERCFRGSS
LELVINYQQL
LAQEAEAWLN
FQVA

LKERCFRGSS
LELVINYQQL

LKERCFRGSS
EIRRQLEACQ
GXYKPNPQIY
KKLGKLPPQY
PITEKYLRRQ
SSWILL

LKERCFRGSS
EIRRQLEACQ

YPVCVSKVVK
CIYWTKYYDF
YXCFKNWDGS

YPVCVSKVVK
CIYWTKYYDF

YPVCVSKVVK
RERAXSVKFE
VKLIEECTDL
ALELLTVYAW
LTKPRPVILD

YPVCVSKVVK
RERAXSVKFE
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121
181
241
301

SEQ
1
61
121
181
241
301

SEQ
1
61
121
181
241
301

VQAPRWXNPR
QKEGEFSTCF
ERGSMKTHFN
PADPTGNLGG

ID NO:S0

MMDLRNTPAK
GGSSGKGTTL
VOAPRWXNPR
QKEGEFSTCF
ERGSMKTHFN
PADPTGNLGG

ID NO:51

MMDLRNTPAK
GGSSGKGTTL
EVQAPRWDNP
LOKEGEFSTC
WEQGSMETDF
DPADPTGNLG

Jul. 28, 2015

ALSFVLSSLQ
TELQRDFLKQ
TAQGFRTVLE
GDPKGWRQLA

SLDKFIEDYL
RGRSDADLVV
ALSFVLSSLOQ
TELQRDFLKQ
TAQGFRTVLE
GDPKGWRQLA

SLDKFIEDYL
RGRSDADLVV
RALSFVLSSL
FTELQRDFLK
NTAQEFRTVL
GGDPKGWRQL
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LGEGVEFDVL
RPTKLKSLIR
LVINYQQLCI
QEAEAWLNYX

LPDTCFRMQI
FLSPLTTFQD
LGEGVEFDVL
RPTKLKSLIR
LVINYQQLCI
QEAEAWLNYX

LPDKCFRKQI
FLSPLTTFQD
QLGEGVEFDV
QRPTKLKSLI
ELVINYQQLC

PAFDALGQLT
LVKHWYQNCK
YWTKYYDFKX
CFKN

XHAIDIICGF
QLNRRGEFIQ
PAFDALGQLT
LVKHWYQNCK
YWTKYYDFKX
CFKNWDGSPV

NHAIDIICGF
QLNRRGEFIQ
LPAFDALGQL
RLVKHWYQNC
IYWTKYYDFE
PCFKN

GXYKPNPQIY
KKLGKLPPQY
PITEKYLRRQ

LKERCFRGSS
EIRRQLEACQ
GXYKPNPQIY
KKLGKLPPQY
PIIEKYLRRQ
SSWILLAESN

LKERCFQGSS
EIRRQLEACQ
TDGYKPDPQI
KKKLGKLPPQ
NPIIEKYLRR

US 9,090,947 B2

VKLIEECTDL
ALELLTVYAW
LTKPRPVILD

YPVCVSKVVK
RERAXSVKFE
VKLIEECTDL
ALELLTVYAW
LTKPRPVILD
SXD

YPVHVSKVVK
REERAFSVKF
YVKLIEECTY
YALELLTVYA
QLTKPRPVIL

AQEAERWLNY

SEQ ID NO:52

1 PVILDPADPT GNLGGGDPKG WRQLAQEAEA WLNYPCFKNW DGSPVSSWIL LAESDSGR

SEQ ID NO:S5
GAGGCAGTTCTGTTGCCACTCTCTCTCCTGTCAATGATGGATCTCAGAAATACCCCAGCCARATCTCTGGACAAGTT
CATTGAAGACTATCTCTTGCCAGACAAGTGTTTCCGCAAGCAARATCAACCATGCCATTGACATCATCTGTGGGTTCC
TGAAGGAAAGGTGCTTCCAAGGTAGCTCCTACCCTGTGCATGTGTCCAAGGTGGTAAAGGGTGGCTCCTCAGGCAAG
GGCACCACCCTCAGAGGCCCGATCTGACGCTGACCTGGTTGTCTTCCTCAGTCCTCTCACCACTTTTCAGGATCAGTT
AAATCGCCGGGGAGAGTTCATCCAGGARATTAGGAGACAGCTGGAAGCCTGTCAAAGAGAGGAGAGAGCATTTTCCG
TGAAGTTTGAGGTCCAGGCTCCACGCTGGGACAACCCCCGTGCGCTCAGCTTCGTACTGAGTTCGCTCCAGCTCGGG
GAGGGGGTGGAGTTCGATGTGCTGCCTGCCTTTGATGCCCTGGGTCAGTTGACTGACGGCTATAAACCTGACCCCCA
AATCTATGTCARAGCTCATCGAGGAGTGCACCTACCTGCAGARAGAGGGCGAGTTCTCCACCTGCTTCACAGAACTAC
AGAGAGACTTCCTGAAGCAGCGCCCCACCAAGCTCAAGAGCCTCATCCGCCTAGTCAAGCACTGGTACCAAAATTGT
AAGRAGAAGCTTGGGAAGCTGCCACCTCAGTATGCCCTGGAGCTCCTGACGGTCTATGCTTGGGAGCAAGGGAGCAT
GGAAACAGATT TCAACACAGCCCAGGAATTTCGGACGGTCTTGGAATTAGTCATAAACTACCAGCAACTCTGCATCT
ACTGGACAAAGTATTATGACTTTGAAAACCCCATTATTGAARAGTACCTGAGAAGGCAGCTCACGAAACCCAGGCCT
GTGATCCTGGACCCGGCGGACCCTACAGGAAACTTGGGTGGTGGAGACCCAAAGGGTTGGAGGCAGCTGGCACAAGA
GGCTGAGGCCTGGCTGAATTACCCATGCTTTAAGAATTGAGATGGGTCCCCAGTGAGCTCCTGGATTCTGCTGGTGA
GACCTCCTGCTTCCTCCCTGCCATTCATCCCTGCCCCTCTCCATGAAGCTTGAGACATATAGCTGGAGACCATTCTT
TCCAAAGAACTTACCTCTTGCCAAAGGCCATTTATATTCATATAGTGACAGGCTGTGCTCCATATTTTACAGTTATT
TTGGTCACAATCGAGGGTTTCTGGAATTTTCACATCCCTTGTCCAGAATTCATTCCCCTAAGAGTAATAATAAATAA
TCTCTAACAC

S5EQ ID NO:56
GCCTGTGATCCTGGACCCGGCAGACCCTACAGGARACTTGGGTGGTGGAGACCCAAAGGGTTGGAGGCAGCTGGCAC
AAGAGGCTGAGGCCTGGCTGAATTACCCATGCTTTAAGAARTTGGGATGCGTCCCCAGTGAGCTCCTGGATTCTGCTG
GCTGAAAGCGACAGTGGACGATGAGACCGACGATCCCAGGAGGTATCAGAAATATGGTTACATTGGAACACATGAGT
ACCCTCATTTCTCTCATAGACCCAGCACACTCCAGGCAGCATCCACCCCACAGGCAGAAGAGGACTGGACCTGCACC
ATCCTCTGAATGCYAGTCCATCTTGGGGGAAAGGGCTCCAGTGTTATCTGGACCAGTTCCTTCATTTTCAGGTGGGA
CTCTTGATCCAGAGAGGACAAAGCTCCTCAGCTGAGCTGGTGTATAATCCAGGACAGAACCCAGGTCTCCTGACTCCT
GGCCTTCTATGCCCTCTATCCTATCATAGATAACATTCTCCACAGCCTCACTTCATTCCACCTATTCTCTGAAAATA
TTCCCTGAGAGAGAACAGAGAGATTTAGATAAGAGAATGAAATTCCAGCCTTGACTTTCTTCTGTGCACCTGATGGG
AGGGTTATGTCTAATGTATTATCAATAACAGTAAAAATAAAGCAAATGCC
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FOR NUCLEOTIDE SEQUENCES ABOVE (SEQ ID NO:31, SEQ ID NO:36-45, and SEQ ID NO:
55-56) :

R denotes A or G

S denotes G or C

FOR AMINO ACID SEQUENCES ABOVE (SEQ ID NO:20-30, SEQ ID NO:;32-35, and SEQ ID
NO: 46-52):
X denotes amino acid variants according to the table below

SEQ ID NO Amino acid position Amino acid
20 31 DorN
115 LorF
127 GorR
162 GorS
21 53 Dor N
137 LorF
184 GorS
22 31 Dor N
115 LorF
127 GorR
162 GorS
23 53 DorN
137 LorF
184 GorS
24 64 DorN
138 LorF
185 GorS
25 31 DorN
115 LorF
127 GorR
162 GorS
26 31 DorN
115 LorF
127 GorR
162 SorG
280 NorT
330 PorS
27 31 DorN
115 LorF
127 GorR
162 SorG
280 NorT
330 PorS
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361 GorR
429 KorR
28 31 DorN
115 LorF
127 GorR
162 SorG
280 NorT
330 PorS
29 31 DorN
115 LorF
127 GorR
162 SorG
280 NorT
3130 PorS
372 RorG
30 6 AorT
15 RorT
32 31 DorN
115 LorF
127 GorR
162 : SorG
280 NorT
33 31 DorN
115 LorF
127 GorR
162 SorG
280 NorT
330 PorS
34 31 DorN
115 LorF
127 GorR
162 SorG
280 NorT
330 PorS
352 AorT
361 RorT
35 31 DorN
115 LorF
127 GorR
162 SorG
280 NorT
330 PorS
397 GorR
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46 31 DorN
122 NorT
172 PorS
214 RorG
47 31 DorN
122 NorT
48 31 DorN
115 LorF
127 GorR
162 SorG
280 NorT
330 PorS
49 31 DorN
115 LorF
127 GorR
162 SorG
280 NorT
330 PorS
50 31 DorN
1S LorF
127 GorR
162 SorG
280 NorT
330 PorS
352 AorT
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FIGURE 4

Population haplotypes inferred from Case & Control subjects

Inferred | Approximate | SEQ ID SEQID SEQID SEQ D
Haplotype | Population NO:2 Allele | NO:3 Allele | NO:4 Allele | NO:5 Allele
Frequency

HAP1 54% A G A A

HAP2 32% G G G G

HAP3 8% G A A A

HAP4 5% G G G A

HAPS <1% A G G G

HAP6 <1% G G A A
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FIGURE 5A
< oligoadenylate synthetase 1 gene >
~30 kbp
C Human Chromosome 12, cytogenetic band 12q24 >
Genetic \ \¥I SEQID NO:7_]
mutations [_SEQIDNO:3 [ SEQ IDNO6 |
{_SEQIDNO:2 | [ seqiDNO5 |
[_SEQIDNO:1 | [LsEq D NO:4 ]
mRNA Transcript Variant Forms

| MTRNA: SEQ 1D NO:36
TV1 w TP | Protein: SEQ ID NO:33

MmRNA: SEQ ID NO:37

TV2
Protein: SEQ ID NO:34
V3 mRNA: SEQ ID NO:38
Protein: SEQ ID NO:35
TV4 =P MRNA: SEQ ID NO:39

Protein: SEQ ID NO:27
TV5 w P mm| mRNA: SEQ ID NO:40
Protein: SEQ ID NO:26

\\

mMRNA: SEQ ID NO:41
Protein: SEQ ID NO:29
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FIGURE 5B
< oligoadenylate synthetase 1 gene >
~30 kbp

Human Chromosome 12, cytogenetic band 12q24

< >
Genetic \\——\ [[sEQIDNO7 |

mutations | SEQ ID NO:3 [ SEQ IDNO® |
[ sEQIDNO:2 | [ SEQIDNO5 ]

[ SEQIDNO:T | [ SEQIDNO4 |

TV7

mMRNA: SEQ ID NO:42
Protein: SEQ ID NO:28

TV8

mRNA: SEQ ID NO:43
Protein: SEQ ID NO:32

TV9

"33/ MRNA: SEQ ID NO: 44
Protein: SEQ ID NO: 46

TV10 w

Sy mRNA SEQ 1D NO: 45
Protein: SEQ ID NO: 47
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FIGURE 5C
<: oligoadenylate synthetase 1 gene >
~30 kbp
>

Human Chromosome 12, cytogenetic band 12q24

Genetic \ \\\_—l SEQ ID NO7_|
[ sEQ D NO:3 | SEQIDNO:6 |

mutations
[ seQibNO:2 | | SEQID NO:5 |
{ SEQ 1D NO:1 | | SEQIDNO:4 |

Inferred structure of Non-human OAS1 genes

Chimpanzee Premature termination

\ in Exon 5 by mutation

GIA N MY [seaiD:ss3

mRNA: SEQ ID NO:55
Protein: SEQ [D NO:51

Premature termination
in Exon 6 by mutation

Gorilla o
B 1l SEQ ID: 54

=

mRNA 3’ end: SEQ ID NO:56.
Protein —-COOH end: SEQ ID NO: 52
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FIGURE 6
NON-HUMAN PRIMATE MUTATIONS

SEQ ID NO: 53

Organism: Pan troglodytes

Varant relative to human: A (A substitution for G)

Homologous human genomic sequence Genbank ID: NT_009775.13

Coordinates of mutation on human genomic sequence (start-stop): 2,142,351-2,142,351
Organism’s local identifying genomic sequence context:
CTGGCACAAGAGGCTGAGGCCTGGCTGAATTACCCATGCTTTAAGAATTG

A

GATGGGTCCCCAGTGAGCTCCTGGATTCTGCTGGTGAGACCTCCTGCTTC

SEQ ID NO: 54

Organism: Gorilla gorilla

Variant relative to human: -- (two base pair deletion of CA)

Homologous human genomic sequence Genbank ID: NT_009775.13

Coordinates of mutation on human genomic sequence (start-stop): 2,144,089-2,144,090
Organism’s local identifying genomic sequence context:
CTCCCTGATGTGATCATGTGTCTCACCCTTTCAGGCTGAAAGCQACAGTG

EXCGATGAGACCGACGATCCCAGGAGGTATCAGAAATATGGTTACATTGG

Bold, singly underlined bases represent the particular organism variant relative to human
being identified by each SEQ ID NO.

Doubly underlined bases represent other co-localized variants between the human
genomic sequence and the indicated organism.

Degenerate nucleic acid codes:
R=A/G
Y=C/T
S=C/G
K=G/T
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FIGURE 9
DEVELOPMENT OF ANTIBODIES SPECIFIC TO NOVEL FORMS OF QOAS!

Antibody

~ N M <

O O O O

@ O 0

NN NN

< L £
181.8 KDa
115.5
82.2
64.2
48.8
37.1

SEQ ID NO:26
SEQID NO:26
SEQ ID NO:27
SEQ ID NO:27



U.S. Patent Jul. 28, 2015 Sheet 33 of 33 US 9,090,947 B2

FIGURE 10
EXEMPLARY PROTEIN TRANSDUCTION DOMAIN SYSTEMS

Sequence ID Number | Polypeptide Sequence

SEQ ID NO:85 YGRKKRRORRR
SEQ ID NO:86 RQIKIWFQNRRMKWKK
SEQ ID NO:87 MTSRRSVKSGPREVPRDEYEDLY YIPSSGMASPDSPPD

TSRRGALQTRSRQRGEVRFVQYDESDYALYGGSSSEDD
EHPEVPRTRRPVSGAVLSGPGPARAPPPPAGSGGAGRTP
TTAPRAPRTQRVATKAPAAPAAETTRGRKSAQPESAAL
PDAPASTAPTRSKTPAQGLARKLHFSTAPPNPDAPWTPR
VAGFNKRVFCAAVGRLAAMHARMAAVQLWDMSRPRT
DEDLNELLGITTIRVTVCEGKNLLQRANELVNPDVVQDV
DAATATRGRSAASRPTERPRAPARSASRPRRPVE

SEQ ID NO:88 MSRKLFASILIGALLGIGAPPSAHAGADDVVDSSKSFVM
ENFSSYHGTKPGYVDSIQKGIQKPKSGTQGN
YDDDWKGFYSTDNKYDAAGYSVDNENPLSGKAGGVV
KVTYPGLTKVLALKVDNAETIKKELGLSLTEPLM
EQVGTEEFIKRFGDGASRVVLSLPFAEGSSSVEYINNWE
QAKALSVELEINFETRGKRGQDAMYEYMAQA
CAGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHG
PIKNKMSESPNKTVSEEKAKQYLEEFHQTAL
EHPELSELKTVTGTNPVFAGANYAAWAVNVAQVIDSET
ADNLEKTTAALSILPGIGSVMGIADGA VHHNT
EEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNFVESIIN
LFQVVHNSYNRPAYSPGHKTQPFLHDGYA
VSWNTVEDSIIR TGFQGESGHDIKITAENTPLPIAGVLLP
TIPGKLDVNKSKTHISVNGRKIRMRCRAID
GDVTFCRPKSPVYVGNGVHANLHVAFHRSSSEKIHSNE
ISSDSIGVLGYQKTVDHTKVNSKLSLFFEIKS

SEQ ID NO:89 GDIMGEWGNEIFGAIAGFLG

SEQ ID NO:90 RRRRRRR

SEQ ID NO91 RRQRRTSKLMKR

SEQ ID NO:92 GWTLNSAGYLLGKINLKALAALAKKIL

SEQ ID NO:93 WEAKLAKALAKALAKAHLAKALAKALKACEA

SEQ ID NO:94 KETWWETWWTEWSQPKKKRKY
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DETECTION OF MUTATIONS IN A GENE
ASSOCIATED WITH RESISTANCE TO VIRAL
INFECTION, OAS1

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/468,937 filed May 10, 2012, which is a continuation of
U.S. application Ser. No. 11/592,711 filed Nov. 2, 2006 which
is a divisional of U.S. application Ser. No. 10/972,135 filed
Oct. 22, 2004, now abandoned, which claims priority from
Provisional Application Nos. 60/605,243 filed Aug. 26, 2004,
60/578,323 filed Jun. 9, 2004, 60/560,524 filed Apr. 8, 2004,
60/554,758 filed Mar. 19, 2004, 60/542,373 filed Feb. 6,
2004, and 60/513,888 filed Oct. 23, 2003, which applications
are incorporated by reference in their entirety herein.

TECHNICAL FIELD

The present invention relates to a method for detecting a
mutation in a human oligoadenylate synthetase gene, wherein
a mutation confers resistance to flavivirus infection, includ-
ing infection by hepatitis C virus, and a mutation relates to
other disease states including prostate cancer and diabetes,
and uses of the encoded proteins and antibodies thereto.

BACKGROUND OF THE INVENTION

A number of diseases have been identified to date in which
natural resistance to infection exists in the human population.
Alter and Moyer, J. Acquir. Immune Defic. Syndr. Hum Ret-
rovirol. 18 Suppl. 1:86-10 (1998) report hepatitis C viral
infection (HCV) rates as high as 90% in high-risk groups such
as injecting drug users. However, the mechanism by which
the remaining 10% are apparently resistant to infection has
not been identified in the literature. Proteins that play a role in
HCYV infection include the 2-prime, 5-prime oligoadenylate
synthetases. OASs are interferon-induced proteins character-
ized by their capacity to catalyze the synthesis of 2-prime,5-
prime oligomers of adenosine (2-5As). Hovanessian et al.,
EMBO 6: 1273-1280 (1987) found that interferon-treated
human cells contain several OASs corresponding to proteins
of 40 (OAS1), 46 (OAS1), 69, and 100 kD. Marie et al.,
Biochem. Biophys. Res. Commun. 160:580-587 (1989) gen-
erated highly specific polyclonal antibodies against p69, the
69-kD OAS. By screening an interferon-treated human cell
expression library with the anti-p69 antibodies, Marie and
Hovanessian, J. Biol. Chem. 267: 9933-9939 (1992) isolated
a partial OAS2 cDNA. They screened additional libraries
with the partial cDNA and recovered cDNAs encoding two
OAS2 isoforms. The smaller isoform is encoded by two
mRNAs that differ in the length of the 3-prime untranslated
region.

Northern blot analysis revealed that OAS2 is expressed as
four interferon-induced mRNAs in human cells. The pre-
dicted OAS2 proteins have a common 683-amino acid
sequence and different 3-prime termini. According to SDS-
PAGE of in vitro transcription/translation products, two iso-
forms have molecular masses of 69 and 71 kD. Both isoforms
exhibited OAS activity in vitro. Sequence analysis indicated
that OAS2 contains two OAS1-homologous domains sepa-
rated by a proline-rich putative linker region. The N- and
C-terminal domains are 41% and 53% identical to OAS1,
respectively.

By fluorescence in situ hybridization and by inclusion
within mapped clones, Hovanian et al., Gernomics 52: 267-
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2
277 (1998) determined that the OAS1, OAS2, and OAS3
genes are clustered with a 130-kb region on 12q24.2. 2-5As
bind to and activate RNase I, which degrades viral and cellu-
lar RNAs, leading to inhibition of cellular protein synthesis
and impairment of viral replication.

A fourth human OAS gene, referred to as OASL, differs
from OAS1, OAS2 and OAS3 in that OASL lacks enzyme
activity. The OASL gene encodes a two-domain protein com-
posed of an OAS unit fused to a 164 amino acid C-terminal
domain that is homologous to a tandem repeat of ubiquitin.
(Eskildsen et al., Nuc. Acids Res. 31:3166-3173, 2003;
Kakuta et al., J. Interferon & Cytokine Res. 22:981-993,
2002.)

Because of their role in inhibiting viral replication and viral
infection, there is a need in the art for methods and composi-
tions that suppress viral replication related to OAS1 activity,
including a profound need for inhibitor-based therapies that
suppress HCV replication.

BRIEF SUMMARY OF THE INVENTION

The present invention relates to detecting hepatitis C resis-
tance-related mutations which are characterized as point
mutations in the oligoadenylate synthetase 1 gene.

In one embodiment, a human genetic screening method is
contemplated. The method comprises assaying a nucleic acid
sample isolated from a human for the presence of an oligoad-
enylate synthetase 1 gene point mutation characterized as a
base substitution at nucleotide position 2135728, 2135749,
2135978, 2144072, 2144088, 2144116, 2144321, 2131025,
2133961,2139587,2144294,2144985,2156523,0r 2156638
or a base deletion at nucleotide position 2156595 for oligoad-
enylate synthetase 1 gene (OAS1) with reference to Genbank
Sequence Accession No. NT_009775.13 (consecutive nucle-
otides 2,130,000-2,157,999 of which are shown in FIG. 2 as
SEQ ID NO:19).

In a preferred embodiment, the method comprises treating,
under amplification conditions, a sample of genomic DNA
from a human with a polymerase chain reaction (PCR) primer
pair for amplifying a region of human genomic DNA con-
taining nucleotide position 2135728, 2135749, 2135978,
2144072, 2144088, 2144116, 2144321, 2131025, 2133961,
2139587,2144294,2144985,2156523,2156595,0r 2156638
of oligoadenylate synthetase 1 gene NT__009775.13. The
PCR treatment produces an amplification product containing
the region, which is then assayed for the presence of a point
mutation.

In a further embodiment, the invention provides a protein
encoded by a gene having at least one mutation at position
2135728, 2135749, 2135978, 2144072, 2144088, 2144116,
2144321, 2131025, 2133961, 2139587, 2144294, 2144985,
2156523, 2156595, or 2156638 of NT__009775.13, and use
of the protein to prepare a diagnostic for resistance to viral
infection, preferably flaviviral infection, most preferably
hepatitis C infection. In specific embodiments, the diagnostic
is an antibody.

In a still further embodiment, the invention provides a
therapeutic compound for preventing or inhibiting infection
by a virus, preferably a flavivirus, most preferably hepatitis C
virus, wherein the therapeutic compound is a protein encoded
by an OASI1 gene having at least one mutation at position
2135728, 2135749, 2135978, 2144072, 2144088, 2144116,
2144321, 2131025, 2133961, 2139587, 2144294, 2144985,
2156523, 2156595, or 2156638 of NT__009775.13. In other
embodiments the therapeutic compound is a polynucleotide,
such as DNA or RNA, encoding the protein.
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In a still further embodiment, the invention provides a
therapeutic compound for preventing or inhibiting infection
by a virus, preferably a flavivirus, most preferably a hepatitis
C virus, wherein the therapeutic compound is a protein of the
sequence: SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22,
SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID
NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO:29,
SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID
NO:35, SEQ ID NO:46, SEQ ID NO:47 and/or SEQ ID
NO:48.

In a still further embodiment, the invention provides a
therapeutic compound for preventing or inhibiting infection
by a virus, preferably a flavivirus, most preferably hepatitis C
virus, wherein the therapeutic compound mimics the benefi-
cial effects of at least one mutation at position 2135728,
2135749, 2135978, 2144072, 2144088, 2144116, 2144321,
2131025, 2133961, 2139587, 2144294, 2144985, 2156523,
2156595, or 2156638 of NT__009775.13. The therapeutic
compound can be a small molecule, protein, peptide, DNA or
RNA molecule, or antibody.

In a still further embodiment, the invention provides a
therapeutic compound for preventing or treating cancer, pref-
erably prostate cancer, wherein the therapeutic compound is
a protein encoded by an OAS1 gene having at least one
mutation at position 2135728, 2135749, 2135978, 2144072,
2144088, 2144116, 2144321, 2131025, 2133961, 2139587,
2144294, 2144985, 2156523, 2156595, or 2156638 of
NT__009775.13. In other embodiments the therapeutic com-
pound is a polynucleotide, such as DNA or RNA, encoding
the protein.

In a still further embodiment, the invention provides a
therapeutic compound for preventing or treating cancer, pref-
erably prostate cancer, wherein the therapeutic compound is
a protein of the sequence: SEQ ID NO: 20, SEQ ID NO: 21,
SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID
NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28,
SEQ ID NO:29, SEQ ID NO:32, SEQ ID NO:33, SEQ ID
NO:34, SEQ ID NO:35, SEQ ID NO:46, SEQ ID NO:47
and/or SEQ ID NO:48.

In a still further embodiment, the invention provides a
therapeutic compound for preventing or treating cancer, pref-
erably prostate cancer, wherein the therapeutic compound
mimics the beneficial effects of at least one mutation at posi-
tion 2135728, 2135749, 2135978, 2144072, 2144088,
2144116, 2144321, 2131025, 2133961, 2139587, 2144294,
2144985,2156523,2156595,0r2156638 of NT __009775.13.
The therapeutic compound can be a small molecule, protein,
peptide, DNA or RNA molecule, or antibody.

In further embodiments, the therapeutic compound is
capable of inhibiting the activity of OASI1 or at least one
sub-region or sub-function of the entire protein, and such
compounds are represented by antisense molecules,
ribozymes, and RNAi molecules capable of specifically bind-
ing to OAS1 polynucleotides, and by antibodies and frag-
ments thereof capable of specifically binding to OAS1 pro-
teins and polypeptides.

The present invention provides, in another embodiment,
inhibitors of OASI1. Inventive inhibitors include, but are not
limited to, antisense molecules, ribozymes, RNAI, antibodies
or antibody fragments, proteins or polypeptides as well as
small molecules. Exemplary antisense molecules comprise at
least 10, 15 or 20 consecutive nucleotides of, or that hybridize
under stringent conditions to the polynucleotide of SEQ ID
NO:19. More preferred are antisense molecules that comprise
atleast 25 consecutive nucleotides of, or that hybridize under
stringent conditions to the sequence of SEQ 1D NO:19.
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In a still further embodiment, inhibitors of OAS1 are envi-
sioned that specifically bind to the region of the protein
defined by the polypeptide of SEQ ID NO:30. Inventive
inhibitors include but are not limited to antibodies, antibody
fragments, small molecules, proteins, or polypeptides.

In a still further embodiment, inhibitors of OAS1 are envi-
sioned that are comprised of antisense or RNAi molecules
that specifically bind or hybridize to the polynucleotide of
SEQ ID NO:31.

In further embodiments, compositions are provided that
comprise one or more OAS1 inhibitors in a pharmaceutically
acceptable carrier.

Additional embodiments provide methods of decreasing
OASI gene expression or biological activity.

Additional embodiments provide for methods of specifi-
cally increasing or decreasing the expression of certain forms
of the OAS1 gene having at least one mutation at position
2135728, 2135749, 2135978, 2144072, 2144088, 2144116,
2144321, 2131025, 2133961, 2139587, 2144294, 2144985,
2156523, 2156595, or 2156638 of NT __009775.13.

The invention provides an antisense oligonucleotide com-
prising at least one modified internucleoside linkage.

The invention further provides an antisense oligonucle-
otide having a phosphorothioate linkage.

The invention still further provides an antisense oligo-
nucleotide comprising at least one modified sugar moiety.

The invention also provides an antisense oligonucleotide
comprising at least one modified sugar moiety which is a
2'-0O-methyl sugar moiety.

The invention further provides an antisense oligonucle-
otide comprising at least one modified nucleobase.

The invention still further provides an antisense oligo-
nucleotide having a modified nucleobase wherein the modi-
fied nucleobase is 5-methylcytosine.

The invention also provides an antisense compound
wherein the antisense compound is a chimeric oligonucle-
otide.

The invention provides a method of inhibiting the expres-
sion of human OAS1 in human cells or tissues comprising
contacting the cells or tissues in vivo with an antisense com-
pound or a ribozyme of 8 to 35 nucleotides in length targeted
to a nucleic acid molecule encoding human OAS1 so that
expression of human OAS1 is inhibited.

The invention further provides a method of decreasing or
increasing expression of specific forms of OAS1 in vivo, such
forms being defined by having at least one mutation at posi-
tion 2135728, 2135749, 2135978, 2144072, 2144088,
2144116, 2144321, 2131025, 2133961, 2139587, 2144294,
2144985,2156523,2156595,0r 2156638 of NT__009775.13,
using antisense or RNAi compounds or ribozymes.

The invention further provides a method of modulating
growth of cancer cells comprising contacting the cancer cells
in vivo with an antisense compound or ribozyme of 8 to 35
nucleotides in length targeted to a nucleic acid molecule
encoding human OAS1 so that expression of human OAS1 is
inhibited.

The invention still further provides for identifying target
regions of OAS1 polynucleotides. The invention also pro-
vides labeled probes for identifying OAS1 polynucleotides
by in situ hybridization.

The invention provides for the use of an OAS1 inhibitor
according to the invention to prepare a medicament for pre-
venting or inhibiting HCV infection.

The invention further provides for directing an OAS1
inhibitor to specific regions of the OAS1 protein or at specific
functions of the protein.
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The invention also provides a pharmaceutical composition
for inhibiting expression of OAS1, comprising an antisense
oligonucleotide according to the invention in a mixture with a
physiologically acceptable carrier or diluent.

The invention further provides a ribozyme capable of spe-
cifically cleaving OAS1 RNA, and a pharmaceutical compo-
sition comprising the ribozyme.

The invention also provides small molecule inhibitors of
OAS1 wherein the inhibitors are capable of reducing the
activity of OAS1 or of reducing or preventing the expression
of OAS1 mRNA.

The invention further provides for inhibitors of OAS1 that
modify specific functions of the protein other than the syn-
thesis of 2'-5' oligoadenylates, such functions including inter-
action with other proteins such as Hepatitis C virus NS5A
protein.

The invention further provides for compounds that alter
post-translational modifications of OAS1 including but not
limited to glycosylation and phosphorylation.

The invention further provides a human genetic screening
method for identifying an oligoadenylate synthetase gene
mutation comprising: (a) treating, under amplification condi-
tions, a sample of genomic DNA from a human with a poly-
merase chain reaction (PCR) primer pair for amplifying a
region of human genomic DNA containing nucleotide posi-
tion 2135728, 2135749, 2135978, 2144072, 2144088,
2144116, 2144321, 2131025, 2133961, 2139587, 2144294,
2144985, 2156523, 2156595, or 2156638 of oligoadenylate
synthetase gene, said treating producing an amplification
product containing said region; and (b) detecting in the ampli-
fication product of step (a) the presence of an nucleotide point
mutation at nucleotide position 2135728, 2135749, 2135978,
2144072, 2144088, 2144116, 2144321, 2131025, 2133961,
2139587, 2144294, 2144985, 2156523, 2156595, or
2156638, thereby identifying said mutation.

In certain embodiments of this method, the region com-
prises a nucleotide sequence represented by a sequence
selected from the group consisting of SEQ ID NO:1-7 and
SEQID NO:57-64. In other embodiments, the region consists
essentially of a nucleotide sequence selected from the group
consisting of SEQ ID NO:1-7 and SEQ ID NO:57-64. Also
provided is a method of detecting, wherein the detecting
comprises treating, under hybridization conditions, the
amplification product of step (a) above with an oligonucle-
otide probe specific for the point mutation, and detecting the
formation of a hybridization product. In certain embodiments
of the method, the oligonucleotide probe comprises a nucle-
otide sequence selected from the group consisting of SEQ ID
NO:12-18.

The invention also relates to a method for detecting in a
human a hepatitis C infection resistance disease allele con-
taining a point mutation comprising substitution of a non
wild-type nucleotide for a wild-type nucleotide at nucleotide
position 2135728, 2135749, 2135978, 2144072, 2144088,
2144116, 2144321, 2131025, 2133961, 2139587, 2144294,
2144985, 2156523, 2156595, or 2156638 of oligoadenylate
synthetase gene (OAS1), which method comprises: (a) form-
ing a polymerase chain reaction (PCR) admixture by com-
bining, in a PCR buffer, a sample of genomic DNA from said
human and an oligoadenylate synthetase gene-specific PCR
primer pair selected from the group consisting of SEQ ID
NO:8 and 9, and SEQ ID NO:10 and 11; (b) subjecting the
PCR admixture to a plurality of PCR thermocycles to produce
an oligoadenylate synthetase gene amplification product; and
(c) treating, under hybridization conditions products pro-
duced in step (b), with a probe selected from the group con-
sisting of SEQ ID NO:12-18, thereby detecting said mutation.
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Also provided is an isolated OAS]1 inhibitor selected from
the group consisting of an antisense oligonucleotide, a
ribozyme, a small inhibitory RNA (RNAi), a protein, a
polypeptide, an antibody, and a small molecule. The isolated
inhibitor may be an antisense molecule or the complement
thereof comprising at least 15 consecutive nucleic acids of the
sequence of SEQ ID NO:19. In other embodiments, the iso-
lated OASI1 inhibitor (antisense molecule or the complement
thereof) hybridizes under high stringency conditions to the
sequence of SEQ ID NO:19.

The isolated OAS1 inhibitor may be selected from the
group consisting of an antibody and an antibody fragment.
Also provided is a composition comprising a therapeutically
effective amount of at least one OAS1 inhibitor in a pharma-
ceutically acceptable carrier.

The invention also relates to a method of inhibiting the
expression of OAS1 in a mammalian cell, comprising admin-
istering to the cell an OAS1 inhibitor selected from the group
consisting of an antisense oligonucleotide, a ribozyme, a
protein, an RNAI, a polypeptide, an antibody, and a small
molecule.

The invention further relates to a method of inhibiting the
expression of OAS1 gene expression in a subject, comprising
administering to the subject, in a pharmaceutically effective
vehicle, an amount of an antisense oligonucleotide which is
effective to specifically hybridize to all or part of a selected
target nucleic acid sequence derived from said OAS1 gene.

The invention still further relates to a method of preventing
infection by a flavivirus in a human subject susceptible to the
infection, comprising administering to the human subject an
OASI inhibitor selected from group consisting of an anti-
sense oligonucleotide, a ribozyme, an RNAi, a protein, a
polypeptide, an antibody, and a small molecule, wherein said
OASI inhibitor prevents infection by said flavivirus.

The invention still further relates to a method of preventing
or curing infection by a flavivirus or other virus in a human
subject susceptible to the infection, comprising administering
to the human subject an OAS1 inhibitor selected from group
consisting of an antisense oligonucleotide, a ribozyme, an
RNAI, a protein, a polypeptide, an antibody, and a small
molecule, wherein said OAS1 inhibitor prevents infection by
said flavivirus or other virus and wherein said OAS1 inhibitor
is directed at one or more specific forms of the protein defined
by a mutation at position 2135728, 2135749, 2135978,
2144072, 2144088, 2144116, 2144321, 2131025, 2133961,
2139587,2144294,2144985,2156523,2156595,0r 2156638
of NT__009775.13.

The invention still further relates to a method of preventing
or curing infection by a flavivirus or any other virus in a
human subject susceptible to the infection by administering
one of the polypeptides of the sequence: SEQ 1D NO: 20,
SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID
NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27,
SEQ ID NO: 28, SEQ ID NO:29, SEQ 1D NO:32, SEQ ID
NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:46,
SEQ ID NO:47 and/or SEQ ID NO:48.

The invention embodies also treatments for infection with
the human immunodeficiency virus (HIV).

The invention still further relates to a method of preventing
insulin dependent diabetes mellitus (IDDM) in a human sub-
ject, comprising administering to the human subject an OAS1
inhibitor selected from group consisting of an antisense oli-
gonucleotide, a ribozyme, an RNAI, a protein, a polypeptide,
anantibody, and a small molecule, wherein said OAS1 inhibi-
tor prevents IDDM.

The invention still further relates to a method of preventing
IDDM in a human subject, comprising administering to the
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human subject an OAS] inhibitor selected from group con-
sisting of an antisense oligonucleotide, a ribozyme, an RNAA,
a protein, a polypeptide, an antibody, and a small molecule,
wherein said OAS1 inhibitor prevents IDDM and wherein
said OAS1 inhibitor is directed at one or more specific forms
of the protein defined by a mutation at position 2135728,
2135749, 2135978, 2144072, 2144088, 2144116, 2144321,
2131025, 2133961, 2139587, 2144294, 2144985, 2156523,
2156595, or 2156638 of NT__009775.13.

The invention still further relates to a method of treating
cancer, such as prostate cancer by increasing expression of
the OAS1 gene or by therapeutic administration of polypep-
tides disclosed herein.

Also provided is a method for inhibiting expression of a
OASI1 target gene in a cell in vitro comprising introduction of
aribonucleic acid (RNA) into the cell in an amount sufficient
to inhibit expression of the OASI target gene, wherein the
RNA is a double-stranded molecule with a first strand con-
sisting essentially of a ribonucleotide sequence which corre-
sponds to a nucleotide sequence of the OAS1 target gene and
a second strand consisting essentially of a ribonucleotide
sequence which is complementary to the nucleotide sequence
of the OASI target gene, wherein the first and the second
ribonucleotide strands are separate complementary strands
that hybridize to each other to form said double-stranded
molecule, and the double-stranded molecule inhibits expres-
sion of the target gene.

In certain embodiments of the method, the first ribonucle-
otide sequence comprises at least 20 bases which correspond
to the OAS]1 target gene and the second ribonucleotide
sequence comprises at least 20 bases which are complemen-
tary to the nucleotide sequence of the OAS1 target gene. In
still further embodiments, the target gene expression is inhib-
ited by at least 10%.

In still further embodiments of the method, the double-
stranded ribonucleic acid structure is at least 20 bases in
length and each of the ribonucleic acid strands is able to
specifically hybridize to a deoxyribonucleic acid strand of the
OAS]1 target gene over the at least 20 bases.

The invention provides a polypeptide or protein capable of
restoring function of OAS1 that may be diminished or lost
due to gene mutation. In some embodiments the polypeptide
or protein has the amino acid sequence of wild type OAS1
encoded by a gene comprising SEQ ID NO:19. In other
embodiments, wherein a mutation in the OAS1 gene confers
increased activity, stability, and/or half life on the OAS1
protein, or other change making the OAS1 protein more suit-
able for anti-viral activity, the protein or polypeptide encoded
by the mutated OAS1 gene is preferred.

Any of the foregoing proteins and polypeptides can be
provided as a component of a therapeutic composition.

Also provided is the use of any of the proteins consisting of
SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID
NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26,
SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO:29, SEQ 1D
NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35,
SEQ ID NO:46, SEQ ID NO:47 and/or SEQ ID NO:48 as a
component of a therapeutic composition.

In a further embodiment, a nucleic acid encoding the OAS1
protein, OAS1 mutant protein, or OAS1 polypetitide can be
administered in the form of gene therapy.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a Table showing the locations of the mutations of
the present invention in the OAS1 gene, the allelic variants
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(base substitutions), coordinates of the mutation on the
genomic sequence, and NCBI dbSNP ID if any.

FIG. 2 (SEQ ID NO:19) is a polynucleotide sequence
consisting of the consecutive nucleotide bases at positions
2,130,000-2,157,999 of NCBI Accession No. NT__009775.
13, OASI.

FIG. 3 shows SEQ ID NO: 20-64.

FIG. 4 shows approximate haplotype distributions within
the OAS1 gene in a Caucasian population.

FIGS. 5A and B illustrates the variety of transcript variants
disclosed by the invention and their relation to mutations
disclosed by the invention. FIG. 5A shows transcript Variant
(TV) forms 1-6, and FIG. 5B shows TV forms 7-10. FIG. 5C
further illustrates the inferred structure of chimpanzee and
gorilla variants relative to human.

FIG. 6 is a table describing non-human primate mutations
inthe OAS1 gene relative to human and the coordinates of the
mutations on the corresponding human genomic sequence.

FIG. 7 demonstrates the enzymatic activity of exemplary
polypeptides of the present invention when expressed and
recovered from E. coli.

FIG. 8 demonstrates the enzymatic activity of exemplary
polypeptides resulting from polynucleotides of the present
invention when expressed in Hela cells. OAS1 isoforms
were expressed in Hela cells by transient transfection, and
crude cellular lysates were evaluated for enzyme activity by
their ability to catalyze the formation of oligoadenylates
using o>’PdATP as a substrate. Oligoadenylates are sepa-
rated by denaturing gel electrophoresis in 12% acrylamide/
bis-acrylamide gels. Crude Hel.a extracts (H) are compared
against enzyme purified in, and purified from, bacteria (B).

FIG. 9 demonstrates development of antibodies to exem-
plary polypeptides of the present invention.

FIG. 10 is a table detailing exemplary protein transduction
domain polypeptides.

DETAILED DESCRIPTION OF THE INVENTION

Introduction and Definitions

This invention relates to novel mutations in the oligoad-
enylate synthetase gene, use of these mutations for diagnosis
of susceptibility or resistance to viral infection, to proteins
encoded by a gene having a mutation according to the inven-
tion, and to prevention or inhibition of viral infection using
the proteins, antibodies, and related nucleic acids. These
mutations correlate with resistance of the carrier to infection
with flavivirus, particularly hepatitis C virus.

Much of current medical research is focused on identitying
mutations and defects that cause or contribute to disease.
Such research is designed to lead to compounds and methods
of treatment aimed at the disease state. Less attention has
been paid to studying the genetic influences that allow people
to remain healthy despite exposure to infectious agents and
other risk factors. The present invention represents a success-
ful application of a process developed by the inventors by
which specific populations of human subjects are ascertained
and analyzed in order to discover genetic variations or muta-
tions that confer resistance to disease. The identification of a
sub-population segment that has a natural resistance to a
particular disease or biological condition further enables the
identification of genes and proteins that are suitable targets
for pharmaceutical intervention, diagnostic evaluation, or
prevention, such as prophylactic vaccination.

The sub-population segment identified herein is comprised
of individuals who, despite repeated exposure to hepatitis C
virus (HCV) have nonetheless remained sero-negative, while
cohorts have become infected (sero-positive). The popula-
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tions studied included hemophiliac patients subjected to
repeated blood transfusions, and intravenous drug users who
become exposed through shared needles and other risk fac-
tors.

HCV infection involves a complex set of proteins and
immune system components that work together to achieve a
level of infection that, while it causes disease, can develop
into low steady state of virus in infected cells, apparently
allowing HCV to escape from the host immuno-surveillance
system, while enabling persistent viral infection. (Dansako et
al., Virus Research 97:17-30, 2003.) The present invention
focuses on one component of this system, the interferon-
inducible 2'-5'-oligoadenylate synthetase gene, specifically
OAS1. The OAS1 gene plays a major role in the antiviral
activity ot host cells in the human, by activating ribonuclease
L (RNase L) to cleave viral RNA. HCV RNA activates the
2'-5"-0OAS/RNase L pathway. As pointed out by Dansako et
al., it may appear contradictory for HCV RNA to activate a
pathway that leads to cleavage of the viral RNA. However,
such activity may serve to retain a balance between the host
immune defense and a level of infection that would kill the
host.

In view of this complex role of the OAS1 gene, it is of
significant interest that the present invention has identified a
strong correlation between mutations in the OAS1 gene, and
resistance to HCV infection in carriers of these mutations.
The presence of such individuals now permits the elucidation
of how OASI1 contributes to resistance to HCV infection
despite repeated exposure to infectious levels of the virus.
This information will then lead to development of methods
and compositions for replicating the resistance mechanism in
individuals lacking natural resistance.

The present invention therefore provides that, regardless of
the mechanism, the mutations identified herein are useful for
identifying individuals who are resistant to HCV infection.
The resistance may come about through a loss of function of
the OAS1 protein, in which case it is predicted that HCV viral
levels would be high enough to prevent the virus from escap-
ing from the host immuno-surveillance system, hence facili-
tating destruction of the virus. The resistance may also come
about through gain of function in that the OAS1 protein level
is enhanced, the halflife of the protein is increased, and/or the
protein structure is affected in a way that enhances its ability
to activate ribonuclease L to cleave viral RNA. The resistance
may also come about through modifications to the OAS1
protein that prevent inhibition of normal OAS]1 protein func-
tion by HCV viral proteins or nucleotides. The resistance may
also come about through modifications to the OAS1 protein
that prevent interaction of the protein with HCV viral proteins
or nucleotides that are necessary for the normal HCV viral
lifespan. The invention is not limited to one mechanism.
Furthermore, although several different point mutations are
disclosed herein, this is not intended to be indicative that each
mutation has the same effect on OAS1 protein structure or
function.

OASI plays a role in infection by other viruses of the
flavivirus family, of which HCV is a member. The flavivirus
family also includes viruses that cause yellow fever, dengue
fever, St. Louis encephalitis, Japanese encephalitis, and other
viral diseases disclosed herein. The host defense to these
viruses includes virus-inducible interferon. The interferon
induces 2'-5'-oligoadenylate synthetases, which as discussed
above, are involved in the activation of RNaselL. RNaseL. in
turn cleaves viral RNA. Other viral infections may by ame-
nable to prevention and/or inhibition by the methods dis-
closed herein, including RSV.
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In reference to the detailed description and preferred
embodiment, the following definitions are used:

A: adenine; C: cytosine; G: guanine; T: thymine (in DNA);
and U: uracil (in RNA)

Allele: A variant of DNA sequence of a specific gene. In
diploid cells a maximum of two alleles will be present, each
in the same relative position or locus on homologous chro-
mosomes of the chromosome set. When alleles at any one
locus are identical the individual is said to be homozygous for
that locus, and when they differ the individual is said to be
heterozygous for that locus. Since different alleles of any one
gene may vary by only a single base, the possible number of
alleles for any one gene is very large. When alleles differ, one
is often dominant to the other, which is said to be recessive.
Dominance is a property of the phenotype and does not imply
inactivation of the recessive allele by the dominant. In numer-
ous examples the normally functioning (wild-type) allele is
dominant to all mutant alleles of more or less defective func-
tion. In such cases the general explanation is that one func-
tional allele out of two is sufficient to produce enough active
gene product to support normal development of the organism
(i.e., there is normally a two-fold safety margin in quantity of
gene product).

Haplotype: One of many possible pluralities of Alleles,
serially ordered by chromosomal localization and represent-
ing that set of Alleles carried by one particular homologous
chromosome of the chromosome set.

Nucleotide: A monomeric unit of DNA or RNA consisting
of a sugar moiety (pentose), a phosphate, and a nitrogenous
heterocyclic base. The base is linked to the sugar moiety via
the glycosidic carbon (1' carbon of the pentose) and that
combination of base and sugar is a nucleoside. When the
nucleoside contains a phosphate group bonded to the 3' or §'
position of the pentose it is referred to as a nucleotide. A
sequence of operatively linked nucleotides is typically
referred to herein as a “base sequence” or “nucleotide
sequence”, and their grammatical equivalents, and is repre-
sented herein by a formula whose left to right orientation is in
the conventional direction of 5'-terminus to 3'-terminus.

Base Pair (bp): A partnership of adenine (A) with thymine
(1), or of cytosine (C) with guanine (G) in a double stranded
DNA molecule. In RNA, uracil (U) is substituted for thymine.
When referring to RNA herein, the symbol T may be used
interchangeably with U to represent uracil at a particular
position in the RNA molecule.

Nucleic Acid: A polymer of nucleotides, either single or
double stranded.

Polynucleotide: A polymer of single or double stranded
nucleotides. As used herein “polynucleotide” and its gram-
matical equivalents will include the full range of nucleic
acids. A polynucleotide will typically refer to a nucleic acid
molecule comprised of a linear strand of two or more deox-
yribonucleotides and/or ribonucleotides. The exact size will
depend on many factors, which in turn depends on the ulti-
mate conditions of use, as is well known in the art. The
polynucleotides of the present invention include primers,
probes, RNA/DNA segments, oligonucleotides or “oligos™
(relatively short polynucleotides), genes, vectors, plasmids,
and the like.

RNAi: RNA interference (RNAi) is a method whereby
small interfering RNA (siRNA), a duplex typically about
21-23 nucleotides long, is introduced into a cell, leading
ultimately to the degradation of messenger RNA of a targeted
gene containing an identical or complementary sequence and
effectively silencing it.

Gene: A nucleic acid whose nucleotide sequence codes for
an RNA or polypeptide. A gene can be either RNA or DNA.
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Duplex DNA: A double-stranded nucleic acid molecule
comprising two strands of substantially complementary poly-
nucleotides held together by one or more hydrogen bonds
between each of the complementary bases present in a base
pair of the duplex. Because the nucleotides that form a base
pair can be either a ribonucleotide base or a deoxyribonucle-
otide base, the phrase “duplex DNA” refers to either a DNA-
DNA duplex comprising two DNA strands (ds DNA), or an
RNA-DNA duplex comprising one DNA and one RNA
strand.

Complementary Bases: Nucleotides that normally pair up
when DNA or RNA adopts a double stranded configuration.

Complementary Nucleotide Sequence: A sequence of
nucleotides in a single-stranded molecule of DNA or RNA
that is sufficiently complementary to that on another single
strand to specifically hybridize to it with consequent hydro-
gen bonding.

Conserved: A nucleotide sequence is conserved with
respect to a preselected (reference) sequence if it non-ran-
domly hybridizes to an exact complement of the preselected
sequence.

Hybridization: The pairing of substantially complemen-
tary nucleotide sequences (strands of nucleic acid) to form a
duplex or heteroduplex by the establishment of hydrogen
bonds between complementary base pairs. It is a specific, i.e.
non-random, interaction between two complementary poly-
nucleotides that can be competitively inhibited.

Nucleotide Analog: A purine or pyrimidine nucleotide that
differs structurally from A, T, G, C, or U, but is sufficiently
similar to substitute for the normal nucleotide in a nucleic
acid molecule.

DNA Homolog: A nucleic acid having a preselected con-
served nucleotide sequence and a sequence coding for a
receptor capable of binding a preselected ligand.

Upstream: In the direction opposite to the direction of
DNA transcription, and therefore going from 5' to 3' on the
non-coding strand, or 3' to 5' on the mRNA.

Downstream: Further along a DNA sequence in the direc-
tion of sequence transcription or read out, that is traveling in
a3'-to 5'-direction along the non-coding strand of the DNA or
5'- to 3'-direction along the RNA transcript.

Stop Codon: Any of three codons that do not code for an
amino acid, but instead cause termination of protein synthe-
sis. They are UAG, UAA and UGA and are also referred to as
a nonsense or termination codon.

Reading Frame: Particular sequence of contiguous nucle-
otide triplets (codons) employed in translation. The reading
frame depends on the location of the translation initiation
codon.

Intron: Also referred to as an intervening sequence, a non-
coding sequence of DNA that is initially copied into RNA but
is cut out of the final RNA transcript.

Modes of Practicing the Invention

The present invention provides a novel method for screen-
ing humans for oligoadenylate synthetase alleles associated
with resistance to infection by a flavivirus, particularly hepa-
titis C. The invention is based on the discovery that such
resistance is associated with a point mutation (base substitu-
tion) in the oligoadenylate synthetase gene DNA sequence at
nucleotide position 2135728, 2135749, 2135978, 2144072,
2144088, 2144116, 2144321, 2131025, 2133961, 2139587,
2144294, 2144985, 2156523, 2156593, or 2156638 of Gen-
bank Accession No. NT _009775.13 (SEQ ID NO:19), which
encodes the human OAS1 gene.

This invention discloses the results of a study that identi-
fied populations of subjects resistant or partially resistant to
infection with the hepatitis C virus (HCV) and that further
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identified genetic mutations that confer this beneficial effect.
Several genetic mutations in the 2'-5'-oligoadenylate syn-
thetase genes are identified, that are significantly associated
with resistance to HCV infection. The study design used was
a case-control, allele association analysis. Cases assigned as
subjects had serially documented or presumed exposure to
HCV, but who did not develop infection as documented by the
development of antibodies to the virus (i.e. HCV seronega-
tive). Control subjects were serially exposed subjects who did
seroconvert to HCV positive. Case and control subjects were
recruited from three populations, hemophilia patients from
Vancouver, British Columbia, Canada; hemophilia patients
from Northwestern France; and injecting drug users from the
Seattle metropolitan region.

Case and control definitions differed between the hemo-
philia and IDU groups and were based upon epidemiological
models of infection risk published in the literature and other
models developed by the inventors, as described herein. For
the hemophilia population, control subjects were docu-
mented to be seropositive for antibodies to HCV using com-
mercial diagnostics laboratory testing. Case subjects were
documented as being HCV seronegative, having less than 5%
of normal clotting factor, and having received concentrated
clotting factors before January 1987. Control injecting drug
users were defined as documented HCV seropositive. Case
injecting drug users were defined as documented HCV
seronegative, having injected drugs for more than ten years,
and having reported engaging in one or more additional risk
behaviors. Additional risk behaviors include the sharing of
syringes, cookers, or cottons with another IDU. In one par-
ticular Caucasian population 20 cases and 42 controls were
included in the study.

Selection of case and control subjects was performed
essentially as described in U.S. patent application Ser. No.
09/707,576 using the population groups at-risk affected
(“controls™) and at-risk unaffected (“cases”).

The present inventive approach to identifying gene muta-
tions associated with resistance to HCV infection involved
the selection of candidate genes. Approximately 50 candidate
genes involved in viral binding to the cell surface, viral propa-
gation within the cell, the interferon response, and aspects of
the innate immune system and the antiviral response, were
interrogated. Candidate genes were sequenced in cases and
controls by using the polymerase chain reaction to amplify
target sequences from the genomic DNA of each subject.
PCR products from candidate genes were sequenced directly
using automated, fluorescence-based DNA sequencing and
an ABI3730 automated sequencer.

Genetic mutations were identified in an oligoadenylate
synthetase gene (OAS1) that either alone, or in combination,
were significantly associated (p<0.05) with resistance to
HCV infection. The base substitutions and deletions that con-
stitute these mutations are shown in FIG. 1. Variant forms of
the OAS1 gene (“OAS1R”) are produced by the presence of
one or more of the mutations of the present invention (iden-
tified as SEQ ID NO:1-7 and SEQ ID NO:57-64). These
variant OAS1R forms of the OAS1 gene are believed to
confer resistance to viral infection.

Population and subject parental haplotypes, comprising
pluralities of the OAS1 mutations (SEQ ID NO:1-7 and SEQ
ID NO:57-64), are computationally inferred from the case-
control genotyping data set by Expectation Maximation
methods as known to those skilled in the art (Excoffier and
Slatkin, Mol. Biol. Evol. 12:921-927, 1995). The invention
embraces both the use of the full range of OAS1 mutations for
haplotypic analysis as well as the use of subsets of OAS1
mutations for computational convenience. Comparative
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analysis of patterns of segregation of haplotypes and haplo-
type subsets with the case and control groups identify muta-
tions of particular potency with regard to viral resistance or
susceptibility.

In one illustrative example, haplotypes are computed com-
prising pluralities of the OAS1 mutations identified by SEQ
ID NO: 2 through SEQ ID NO: 6. Several haplotypes are
identified in a Caucasian case and control population by this
analysis. The definition of these haplotypes is shown in FIG.
4. Two common haplotypes (identified as HAP1 and HAP2)
are identified that account for approximately 85% of inferred
haplotypes and are in Hardy-Weinberg equilibrium, particu-
larly with regard to the occurrence of haplotype homozygotes
in the population. Further analysis of OAS1 in various human
populations and in primates indicates that HAP2 is the ances-
tral primate haplotype pre-dating the divergence of old world
monkeys and hominids. One additional haplotype (identified
as HAP3) is associated with the persistently HCV-resistant
case group in this particular population. Therefore subjects
carrying the HAP3 haplotype are at substantially lower risk of
HCYV infection. The HAP3 haplotype appears to have arisen
through a complex series of recombination and mutation
originating from the ancestral haplotype. The combined rarity
of such events combined with the considerable occurrence of
haplotype HAP3 suggests positive selection acted to develop
and retain haplotype HAP3 in the population, possibly as a
response to recurring viral challenge over time. In this
example, haplotype HAP3 is the only haplotype occurring at
an appreciable population frequency that combines the
effects of a G nucleotide for mutation SEQ ID NO:2 together
with an A nucleotide for mutation SEQ ID NO:4 in a single
pre-cursor RNA.

The present invention is not limited by the foregoing illus-
trative example. Nor is the present invention limited by other
illustrative examples that provide insight into the relevance
and utility of particular OAS1 mutations. In another illustra-
tive example, the substitution of a G nucleotide for an A
nucleotide in SEQ ID NO:2 results in a predicted amino acid
substitution of a Serine to Glycine. Computational prediction
as known to those skilled in the art is highly suggestive that
the Serine is a site of phosphorylation whereas the Glycine
would not be phosphorylated.

In a further illustrative example, the substitution of an A
nucleotide for a G nucleotide in mutation SEQ ID NO:4
occurs in the consensus splice acceptor site for the wild-type
sixth exon in OAS1. This substitution replaces the requisite G
in the splice acceptor recognition signal but in the process
creates a new splice recognition site one base pair down-
stream. The mutated form thereby creates a frameshift in the
translated protein. The mutated site also is a less effective
splice signal and as a result encourages additional alternative
splicing of pre-cursor RNAs in addition to the frameshifted
exon 6 splicing. Preferred embodiments of these alternative
splice forms are provided in FIGS. 5A and 5B. Further illus-
trative examples of genetic analysis are provided below.

Promiscuous splicing of OAS1 transcript variants was
independently confirmed by reverse transcription of RNA
derived from both lymphocyte cell lines and peripheral blood
mononuclear cells (PBMCs) isolated from fresh human
serum. PCR analysis of reverse transcribed RNA products
from various haplotype carrying cell lines and PBMCs indi-
cated RNA forms carrying A nucleotides for mutation SEQ
1D NO:4 resulted in a multitude of transcript variant OAS1R
forms. These OASIR transcript variants are depicted graphi-
cally in FIGS. 5A and 5B and comprise SEQ ID NO:36
through SEQ ID NO:47 as provided in FIG. 3.
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These variant OAS1R forms of the OAS1 gene and corre-
sponding transcript variants are believed to encode one or
more of the polypeptides consisting of SEQ ID NO: 20, SEQ
IDNO: 21,SEQIDNO: 22, SEQIDNO: 23, SEQID NO: 24,
SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID
NO: 28, SEQ ID NO:29, SEQ ID NO:32, SEQ ID NO: 35,
SEQ ID NO: 46, and/or SEQ ID NO: 47. The foregoing
polypeptides, either singly or plurally, may be referred to
herein as OAS1R polypeptides or OAS1 R proteins inter-
changeably. A common feature of many of the foregoing
polypeptides is that they differ primarily in their carboxyl-
terminus while conserving the amino-terminal portion.

In addition to the production of alternative transcripts
themselves, the OAS1R forms of the gene may also contain or
abolish specific sequence contexts (such as Exon Splice
Enhancers) that modify the selective preference for specific
transcript variants. This in turn would cause differing relative
levels of abundance of the resulting proteins. These variant
OASIR forms of the OAS1 gene may also modify localiza-
tion or post-translational modification of the resulting pro-
teins. Those skilled in the art will appreciate that increased
abundance or other modifications that improve the activity,
stability, or availability of a specific OAS1 protein form may
improve the overall anti-viral performance of the 2'-5'-OAS/
RNase I pathway. Those skilled in the art can likewise appre-
ciate that depressing the activity or availability of a specific
OASI1 form may also improve the overall anti-viral perfor-
mance of the 2'-5'-OAS/RNase L pathway in cases where said
specific protein is not advantaged, or even disadvantaged,
over other specific OAS1 forms. Without limitation, one
embodiment of a disadvantaged OAS1 protein is one which is
specifically targeted by viral protein(s) in such a manner as to
preclude the enzymatic activity of said specific OAS1 protein.
A further embodiment of a non-advantaged OAS1 protein is
one with lower enzymatic activity polymerizing with other
active forms thereby lowering, or abolishing, the overall
enzymatic activity (and hence decreasing overall anti-viral
effect) of the polymerized protein. One or more of the fore-
going mechanisms may contribute to resistance to viral infec-
tion. The present invention is not limited, however, by the
specific mechanism of action of the disclosed variant poly-
nucleotides or polypeptides.

The invention therefore provides novel forms of the human
2'-5"-oligoadenylate synthetase gene, novel mRNA tran-
scripts, and associated proteins. The invention also discloses
utility for the novel mRNA transcripts and novel proteins.
These novel forms are characterized by the presence in the
gene of one or more of several rare genetic mutations or
haplotypes not disclosed in the public databases. These novel
forms of OAS1, OASIR, confer on carriers a level of resis-
tance to the hepatitis C virus and associated flaviviruses
including but not limited to the West Nile virus, dengue
viruses, yellow fever virus, tick-borne encephalitis virus,
Japanese encephalitis virus, St. Louis encephalitis virus,
Murray Valley virus, Powassan virus, Rocio virus, louping-ill
virus, Banzi virus, [Theus virus, Kokobera virus, Kunjin virus,
Alfuy virus, bovine diarrhea virus, and the Kyasanur forest
disease virus. The OAS proteins have also been shown to be
important in attenuating infection in experimental respiratory
syncitial virus and picornavirus cell culture infection sys-
tems. Failure of human immunodeficiency virus-1 (HIV-1)
infected cells to release virus has been correlated with high
concentrations of OAS and/or 2-5A. Furthermore, HIV-1
transactivator protein (tat) has been shown to block activation
of OAS (Mulleret al, ] Biol Chem. 1990 Mar. 5; 265(7):3803-
8) thus indicating that novel forms of OAS might evade HIV-1
defense mechanisms and provide an effective therapy. Thus,
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these OASIR forms of OAS1 disclosed herein may confer
resistance to these non-flavivirus infectious agents as well.

The present invention also provides novel description of
the chimpanzee (Pan troglodytes) and gorilla (Gorilla
gorilla) forms of OAS1, each of which leads to a novel
mRNA and polypeptide with utility. While genes are typically
very highly conserved in closely related primates, such as
humans, chimpanzees and gorillas, important differences in
OAS]1 are observed between the three species. Chimpanzees,
the closest human relative, possess a single base substitution
within OAS1 exon 5 (at a site equivalent to 2,142,351 in
NT__009775.13 in humans and defined by SEQ ID NO: 53)
that causes a truncated protein product. The chimpanzee
OASI1 polypeptide and mRNA sequences are provided by
SEQ ID NO: 51 and SEQ ID NO: 55, respectively. Gorillas
also possess a two base pair deletion (at the sites equivalent to
2,144,089-2,144,090 in NT_009775.13 in humans and
defined by SEQ ID NO: 54) within exon 6 near the acceptor
splice site that causes a premature stop of translation. The
gorilla partial polypeptide and partial mRNA sequences are
provided by SEQ ID NO: 52 and SEQ ID NO: 56, respec-
tively. The inferred structure of the chimpanzee and gorilla
transcripts relative to human is provided in FIG. 5C. Each of
these cases, like the human OASIR polypeptides, possess
highly conserved polypeptide sequences that differ most
notably in the structure and content of the carboxyl-terminal
tail. The common amino-terminal portion of these polypep-
tides contains all of the elements previously demonstrated to
be required for OAS1 enzymatic activity. As chimpanzees
and gorillas have been subjected to viral challenges similar to
that of humans in Africa, the prevalence of these distinct but
functionally similar primate variants provides further evi-
dence that the carboxy-terminal portions of longer OAS1
forms are unnecessary or even disadvantaging in surviving
viral challenges. The fact that chimpanzees possess an out-
right truncation of the OAS1 polypeptide as opposed to the
heterogeneity of transcript variants in humans is consistent
with the observation that chimpanzees, while the only other
primate known to be susceptible to HCV infection, do have an
atypical infection relative to humans characterized by an
increased frequency of viral clearance and the absence of
resulting fibrosis or hepatocellular carcinoma.

Each novel OAS1R cDNA is cloned from human subjects
who are carriers of these mutations. Cloning is carried out by
standard cDNA cloning methods that involve the isolation of
RNA from cells or tissue, the conversion of RNA to cDNA,
and the conversion of cDNA to double-stranded DNA suit-
able for cloning. As one skilled in the art will recognize, all of
these steps are routine molecular biological analyses. Other
methods include the use of reverse transcriptase PCR,
5S'RACE (Rapid Amplification of cDNA Ends), or traditional
c¢DNA library construction and screening by Southern
hybridization. All OAS1R alleles described herein are recov-
ered from patient carriers. Each newly cloned OAS1R cDNA
is sequenced to confirm its identity and to identify any addi-
tional sequence differences relative to wild-type.

Novel OAS1R gene mutations may affect resistance to
viral infection by modifying the properties of the resulting
OAS1 mRNA. Therefore, differences in mRNA stability
between carriers of the OAS1R alleles and homozygous wild-
type subjects are evaluated. RNA stability is evaluated and
compared using known assays including Tagman® and
simple Northern hybridization. These constitute routine
methods in molecular biology.

OASI1R mutations may affect infection resistance by modi-
fying the regulation of the OAS1 gene. It is known that
expression of OAS genes is induced by interferon treatment
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and during viral infection. The OASIR alleles may confer
resistance to viral infection through constitutive expression,
over-expression, or other disregulated expression. Several
methods are used to evaluate gene expression with and with-
out interferon or viral stimulation. These methods include
expression microarray analysis, Northern hybridization, Tag-
man®, and others. Samples are collected from tissues known
to express the OAS genes such as the peripheral blood mono-
nuclear cells. Gene expression is compared between tissues
from OASIR carriers and non-carriers. In one embodiment,
peripheral blood mononuclear cells are collected from carri-
ers and non carriers, propagated in culture, and stimulated
with interferon. The level of expression of OASIR alleles
during interferon induction is compared to wild-type alleles.
In another embodiment, human subjects are treated with
interferon and the level of induction of the OAS1 gene is
evaluated in carriers of the OAS1R mutations versus non-
carriers. As one skilled in the art can appreciate, numerous
combinations of tissues, experimental designs, and methods
of analysis are used to evaluate OAS1R gene regulation.

Once the novel cDNA for each OASIR is cloned, it is used
to manufacture recombinant OAS1R proteins using any of a
number of different known expression cloning systems. In
one embodiment of this approach, an OAS1R ¢cDNA is cloned
by standard molecular biological methods into an Escheri-
chia coli expression vector adjacent to an epitope tag that
contains a sequence of DNA coding for a polyhistidine
polypeptide. The recombinant protein is then purified from
Escherichia coli lysates using immobilized metal affinity
chromatography or similar method. One skilled in the art will
recognize that there are many different expression vectors
and host cells that can be used to purify recombinant proteins,
including but not limited to yeast expression systems, bacu-
lovirus expression systems, Chinese hamster ovary cells, and
others.

Computational methods are used to identify short peptide
sequences from OASIR proteins that uniquely distinguish
these proteins from wild-type OAS1 proteins. Various com-
putational methods and commercially available software
packages can be used for peptide selection. These computa-
tionally selected peptide sequences can be manufactured
using the FMOC peptide synthesis chemistry or similar
method. One skilled in the art will recognize that there are
numerous chemical methods for synthesizing short polypep-
tides according to a supplied sequence.

Peptide fragments and the recombinant protein from the
OASIR gene can be used to develop antibodies specific to this
gene product. As one skilled in the art will recognize, there are
numerous methods for antibody development involving the
use of multiple different host organisms, adjuvants, etc. In
one classic embodiment, a small amount (150 micrograms) of
purified recombinant protein is injected subcutaneously into
the backs of New Zealand White Rabbits with subsequent
similar quantities injected every several months as boosters.
Rabbit serum is then collected by venipuncture and the
serum, purified IgG, or affinity purified antibody specific to
the immunizing protein can be collected. As one skilled in the
art will recognize, similar methods can be used to develop
antibodies in rat, mouse, goat, and other organisms. Peptide
fragments as described above can also be used to develop
antibodies specific to the OASIR protein. The development
of' both monoclonal and polyclonal antibodies is suitable for
practicing the invention. The generation of mouse hybridoma
cell lines secreting specific monoclonal antibodies to the
OASIR proteins can be carried out by standard molecular
techniques.
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Antibodies prepared as described above can be used to
develop diagnostic methods for evaluating the presence or
absence of the OAS1R proteins in cells, tissues, and organ-
isms. In one embodiment of this approach, enzyme-linked
immunosorbent assays can be developed using purified
recombinant OAS1R proteins and specific antibodies in order
to detect these proteins in human serum. These diagnostic
methods can be used to validate the presence or absence of
OASIR proteins in the tissues of carriers and non-carriers of
the above-described genetic mutations.

Antibodies prepared as described above can also be used to
purity native OAS1R proteins from those patients who carry
these mutations. Numerous methods are available for using
antibodies to purify native proteins from human cells and
tissues. In one embodiment, antibodies can be used in immu-
noprecipitation experiments involving homogenized human
tissues and antibody capture using protein A. This method
enables the concentration and further evaluation of mutant
OASIR proteins. Numerous other methods for isolating the
native forms of OAS1R are available including column chro-
matography, affinity chromatography, high pressure liquid
chromatography, salting-out, dialysis, electrophoresis, iso-
electric focusing, differential centrifugation, and others.

Proteomic methods are used to evaluate the effect of
OAS1R mutations on secondary, tertiary, and quaternary pro-
tein structure. Proteomic methods are also used to evaluate
the impact of OASI1R mutations on the post-translational
modification of the OAS protein. There are many known
possible post-translational modifications to a protein includ-
ing protease cleavage, glycosylation, phosphorylation, sulfa-
tion, the addition of chemical groups or complex molecules,
and the like. A common method for evaluating secondary and
tertiary protein structure is nuclear magnetic resonance
(NMR) spectroscopy. NMR is used to probe differences in
secondary and tertiary structure between wild-type OAS1
proteins and OASIR proteins. Modifications to traditional
NMR are also suitable, including methods for evaluating the
activity of functional sites including Transfer Nuclear Over-
hauser Spectroscopy (TrNOESY) and others. As one skilled
in the art will recognize, numerous minor modifications to
this approach and methods for data interpretation of results
can be employed. All of these methods are intended to be
included in practicing this invention. Other methods for deter-
mining protein structure by crystallization and X-ray diffrac-
tion are employed.

Mass spectroscopy can also be used to evaluate differences
between mutant and wild-type OAS proteins. This method
can be used to evaluate structural differences as well as dif-
ferences in the post-translational modifications of proteins. In
one typical embodiment of this approach, the wild-type
OASI1 protein and mutant OASIR proteins are purified from
human peripheral blood mononuclear cells using one of the
methods described above. These cells can be stimulated with
interferon, as described above, in order to increase expression
of'the OAS proteins. Purified proteins are digested with spe-
cific proteases (e.g. trypsin) and evaluated using mass spec-
trometry. As one skilled in the art will recognize, many alter-
native methods can also be used. This invention contemplates
these additional alternative methods. For instance, either
matrix-assisted laser desorption/ionization (MALDI) or elec-
trospray ionization (ESI) mass spectrometric methods can be
used. Furthermore, mass spectroscopy can be coupled with
the use of two-dimensional gel electrophoretic separation of
cellular proteins as an alternative to comprehensive pre-puri-
fication. Mass spectrometry can also be coupled with the use
of peptide fingerprint database and various searching algo-
rithms. Differences in post-translational modification, such
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as phosphorylation or glycosylation, can also be probed by
coupling mass spectrometry with the use of various pretreat-
ments such as with glycosylases and phosphatases. All of
these methods are to be considered as part of this application.

OASI1 is active as a tetramer, and mutations that interfere
with self-association affect enzyme activity. Known methods
are used to evaluate the effect of OASIR mutations on tet-
ramer formation. For instance, immunoprecipitation with
OASI and OASI1R specific antibodies is performed in order
to isolate OAS1/OAS1IR complexes from patient cells, cell
culture, or transfected cells over-expressing the OASI1 or
OASIR. These complexes can then be evaluated by gel elec-
trophoresis or other chromatographic methods which are well
known to those skilled in the art.

OAS1 may confer viral resistance by interaction with other
proteins. The enzyme contains a region with structural
homology to the BH3 domain of the bel-2 family. This
domain may be critical to the function of OAS1. According to
the invention, OAS1-specific antibodies can be used to isolate
protein complexes involving the OAS1 proteins from a vari-
ety of sources as discussed above. These complexes can then
be evaluated by gel electrophoresis to separate members of
the interacting complex. Gels can be probed using numerous
methods including Western blotting, and novel interacting
proteins can be isolated and identified using peptide sequenc-
ing. Differences in the content of OAS complexes in wild-
type and OASIR extracts will also be evaluated. As one
skilled in the art will recognize, the described methods are
only a few of numerous different approaches that can be used
to purify, identify, and evaluate interacting proteins in the
OAS complex. Additional methods include, but are not lim-
ited to, phage display and the use of yeast two-hybrid meth-
ods.

OASI1 is known to interact with hepatitis C virus NS5A
protein (Taguchi, T. et al., J. Gen. Virol. 85:959-969, 2004).
Without being bound by a mechanism, the invention therefore
relates to OAS1 proteins that do not interact with the NS5A
protein, wherein the proteins are polypeptides of the present
invention, expressed by polynucleotides of the present inven-
tion, expressed by mRNA encoded by splice variants of
OASI1, by OAS1 polynucleotides containing at least one
mutation of the present invention, by OAS1 polynucleotides
having at least one mutation in the coding region, and or by
OASI polynucleotides having at least one base substitution,
deletion or addition wherein binding to NS5A protein is
altered or prevented.

NSS5A protein may exert a biological activity by inhibiting
the antiviral activity of interferon. This antiviral activity is in
one model normally implemented when interferon stimulates
OASI activity in the presence of a co-factor, such as double
stranded RNA. OAS1 polymerizes ATP into 2'-5'-linked oli-
goadenylates, which activate RNase L. to cleave single
stranded RNA including mRNA. Binding of NS5A to OAS1
can inhibit its activity, thereby inhibiting or preventing the
cascade of activities that would otherwise lead to destruction
of the viral RNA.

Although the invention is not dependent on this model, the
binding of NS5A to OASI1 is consistent with a model in which
mutated forms of OAS1 avoid NS5A binding and inhibition
and are thereby able to carry out the normal function of
polymerizing ATP. In such cases, consistent with the clinical
results described herein, a person carrying such a mutation is
resistant to infection by hepatitis C virus. Similarly, the trun-
cated form of OAS1 possessed by chimpanzees, as disclosed
above, may elude binding by NS5A or other viral proteins and
thereby allow the observed higher frequency of chimpanzee
viral clearance. The mutation may in some cases directly
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affect the binding site of OAS1 for NS5A. In other cases the
mutation may be at a site separate from the actual binding site,
but causes a conformational change such that binding of
OAS1 to NS5A is inhibited, slowed, or prevented.

The binding of OAS1 to NS5A in a physiologically and
pathologically relevant manner therefore provides an objec-
tive test for assaying the effect of a base mutation, deletion or
addition in an OAS]1 polynucleotide on a biological function
of the encoded OAS1 protein. Such binding is assayed in a
manner known in the art. In one exemplary but not limiting
method, such as described by Taguchi, T. et al. (J. Gen. Virol.
85:959-969, 2004), Hela cells are transiently transfected
with expression plasmids encoding GST-tagged NSSA and
HA-tagged OASI1. By OAS1 in this example is meant OAS1
according to the invention, including OAS1 encoded by
splice variants of OAS1, by OAS I polynucleotides having at
least one mutation in the coding region, and/or by OAS1
polynucleotides having at least one base substitution, deletion
or addition. After an appropriate incubation time such as
12-16 hours, the cells are washed, lysed, and centrifuged, and
the resulting supernatant is mixed with glutathione-conju-
gated Sepharose beads, which aid in separating GST-tagged
proteins. Complexes of GST-tagged NS5A and HA-tagged
OASI1 protein are identified by using and imaging antibodies
to NS5A and anti-HA antibody. Variations on this method
include using other tags for the individual proteins, such as
FLAG-tag. In the context of the present invention, the main
variable is the OAS1 protein or polypeptide. The ability of the
OASI1 protein or polypeptide to carry out one biologically
relevant activity (i.e. the binding to a hepatitis C protein that
is known to be protective for the ability of the virus to repli-
cate in the host) is objectively tested using these assays. OAS1
proteins and polypeptides that do not bind to NS5A are suit-
able candidates as therapeutic proteins.

The OAS1 proteins are enzymes that catalyze the conver-
sion of ATP into oligoadenylate molecules. Several methods
are available to evaluate the activity of OAS1 enzymes. These
methods are employed to determine the effects of OASIR
mutations on the activity of the mutant proteins relative to the
wild type enzyme. For example, oligoadenylate synthesis
activity can be measured by quantifying the incorporation of
32P-radiolabeled ATP into polyadenylates. The radiolabeled
polyadenylates can be quantified and characterized in terms
oflength by a number of chromatographic methods including
electrophoresis or ion exchange chromatography. These
assays also enable characterization of substrate (ATP) bind-
ing and enzyme kinetics. OAS1 is activated by dsRNA. The
kinetics of this activation is analyzed in OAS1 and compared
to OASIR using the activity assays described herein and
synthetic dsRNAs as described in the art.

The polypeptides of the present invention are demonstrated
by these and other methods known in the art to possess oli-
goadenylate synthesis activity. FIGS. 7 and 8 demonstrate the
activities of several exemplary polypeptides of the present
invention. Regardless of their quantitative level of activity,
this capacity to produce 2'-5'-oligodenylates is well under-
stood by those skilled in the art to produce anti-viral effects
through the activation of RNasel.. As such, the mere fact that
the polypeptides of the present invention possess oligoadeny-
late synthesis activity indicates that said polypeptides have
utility, particularly in consideration of therapeutic uses
thereof which are disclosed below.

Biological studies are performed to evaluate the degree to
which OAS1R mutant genes protect from viral infection.
These biological studies generally take the form of introduc-
ing the mutant OASIR genes or proteins into cells or whole
organisms, and evaluating their biological and antiviral
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activities relative to wild-type controls. In one typical
embodiment of this approach, the OASIR genes are intro-
duced into African Green monkey kidney (Vero) cells in
culture by cloning the ¢cDNAs isolated as described herein
into a mammalian expression vector that drives expression of
the cloned ¢cDNA from an SV40 promoter sequence. This
vector will also contain SV40 and cytomegalovirus enhancer
elements that permit efficient expression of the OASIR
genes, and a neomycin resistance gene for selection in cul-
ture. The biological effects of OAS1R expression can then be
evaluated in Vero cells infected with the dengue virus. In the
event that OASIR confers broad resistance to multiple fla-
viviruses, one would expect an attenuation of viral propaga-
tion in cell lines expressing these mutant forms of OAS1
relative to wild-type. As one skilled in the art will recognize,
there are multiple different experimental approaches that can
beused to evaluate the biological effects of OAS1R genes and
proteins in cells and organisms and in response to different
infectious agents. For instance, in the above example, difter-
ent expression vectors, cell types, and viral species may be
used to evaluate the OASIR resistance effects. Primary
human cells in culture may be evaluated as opposed to cell
lines. Cells may be stimulated with double-stranded RNA or
interferon before introduction of the virus. Expression vec-
tors containing alternative promoter and enhancer sequences
may be evaluated. Viruses other than the flaviviruses (e.g.
respiratory syncytial virus and picornavirus) are evaluated.

Transgenic animal models are developed to assess the use-
fulness of mutant forms of OAS1 in protecting against whole-
organism viral infection. In one embodiment, OAS1R genes
are introduced into the genomes of mice susceptible to fla-
vivirus infection (e.g. the C3H/He inbred laboratory strain).
These OASIR genes are evaluated for their ability to modify
infection or confer resistance to infection in susceptible mice.
As one skilled in the art will appreciate, numerous standard
methods can be used to introduce transgenic human OAS1R
genes into mice. These methods can be combined with other
methods that affect tissue specific expression patterns or that
permit regulation of the transgene through the introduction of
endogenous chemicals, the use of inducible or tissue specific
promoters, etc.

As a model for hepatitis C infection, cell lines expressing
OASIR genes can be evaluated for susceptibility, resistance,
or modification of infection with the bovine diarrheal virus
(BVDV). BVDV is a commonly used model for testing the
efficacy of potential anti-HCV antiviral drugs (Buckwold et.
al., Antiviral Research 60:1-15, 2003). In one embodiment,
the OAS1R genes can be introduced into KL (calf lung) cells
using expression vectors essentially as described above and
tested for their ability to modify BVDV infection in this cell
line. Furthermore, mouse models of HCV infection (e.g. the
transplantation of human livers into mice, the infusion of
human hepatocyte into mouse liver, etc.) may also be evalu-
ated for modification of HCV infection in the transgenic
setting of OAS1R genes. Experiments can be performed
whereby the effects of expression of OASIR genes are
assessed in HCV viral culture systems.

Cell culture systems can also be used to assess the impact
of the mutant OAS1R gene on promoting apoptosis under
varying conditions. In one embodiment, cell culture mutant
forms of OAS1R can be assessed relative to wild-type OAS1
sequences for their ability to promote apoptosis in cells
infected with a number of viruses including BVDV, HCV, and
other flaviviruses. As one skilled in the art will recognize,
numerous methods for measuring apoptosis are available.
The most common method involves the detection of the char-
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acteristic genomic “DNA laddering” effect in apoptosing
cells using fluorescent conjugation methods coupled to aga-
rose gel electrophoresis.

The ability of defective interfering viruses to potentiate the
effects of OAS1R mutant forms can be tested in cell culture
and in small animal models.

The degree to which the presence or absence of OAS1R
genotypes aftects other human phenotypes can also be exam-
ined. For instance, OAS1R mutations are evaluated for their
association with viral titer and spontaneous viral clearance in
HCYV infected subjects. Similar methods of correlating host
OASI1 genotype with the course of other flavivirus infections
can also be undertaken. The impact of OAS1R mutations on
promoting successful outcomes during interferon or inter-
feron with ribavirin treatment in HCV infected patients is also
examined. These mutations may not only confer a level of
infection resistance, but also promote spontaneous viral
clearance in infected subjects with or without interferon-
ribavirin treatment. Furthermore, it has been reported that
schizophrenia occurs at a higher frequency in geographic
areas that are endemic for flavivirus infection, suggesting an
association between flavivirus resistance alleles and predis-
position to schizophrenia. This link is evaluated by perform-
ing additional genetic association studies involving the
schizophrenia phenotype and the OASIR mutations. The
impact of OAS1R mutations on susceptibility to IDDM, pros-
tate and other cancers, and schizophrenia will also be evalu-
ated.

The invention discloses OAS1 variant mRNAs (identified
as SEQ ID NO:36 through SEQ ID NO:43) that are novel and
have utility. The invention is not limited by the mode ofuse of
the disclosed variant mRNAs. In one preferred embodiment,
these variant mRNAs are used in differentially screening
human subjects for increased or decreased viral (including
HCV) susceptibility. In other preferred embodiments, these
variant mRNAs are useful in screening for susceptibility to
IDDM, prostate and other cancers, and/or schizophrenia.
Such differential screening is performed by expression analy-
ses known to those skilled in the art to determine relative
amounts of one or more variant OAS1R mRNAs present in
samples derived from a given human subject. Increased or
decreased amounts of one or more OAS1R mRNA variants in
a human subject’s sample relative to a control sample is
indicative of the subject’s degree of susceptibility to viral,
IDDM, prostate and other cancers, and/or schizophrenia, as
appropriate to the test under consideration.

As discussed herein, 2'5'-oligoadenylate synthetases
(OAS) are a family of IFN-a-inducible, RNA dependent
effector molecules enzymes that synthesize short 2' to 5'
linked oligoadenylate (2-5A) molecules from ATP. OAS
enzymes constitute an important part of the nonspecific
immune defense against viral infections and have been used
as a cellular marker for viral infection. In addition to the role
in hepatitis C infection discussed herein, OAS activity is
implicated in other disease states, particularly those in which
a viral infection plays a role.

While specific pathogenic mechanisms are subjects of cur-
rent analysis, viral infections are believed to play a role in the
development of diseases such as diabetes. Lymphocytic OAS
activity is significantly elevated in patients with type 1 dia-
betes, suggesting that OAS may be an important link between
viral infections and disease development. In a study involving
diabetic twins from monozygotic twin pairs, Bonnevie-
Nielsen et al. (Clin Immunol. 2000 July; 96(1):11-8) showed
that OAS is persistently activated in both recent-onset and
long-standing type 1 diabetes. Continuously elevated OAS
activity in type 1 diabetes is clearly different from a normal
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antiviral response and might indicate a chronic stimulation of
the enzyme, a failure of down regulatory mechanisms, or an
aberrant response to endogenous or exogenous viruses or
their products.

A more direct link between a viral infection and the devel-
opment of diabetes is exemplified by a number of studies
showing that between 13 and 33% of patients with chronic
hepatitis C have diabetes mellitus (type 2 diabetes), a level
that is significantly increased compared with that in matched
healthy controls or patients with chronic hepatitis B (Knobler
et al. Am J Gastroenterol. 2003 December; 98(12):2751-6).
While OAS has not to date been reported to play a role in the
development of diabetes mellitus following hepatitis C infec-
tion, it may be a useful marker for the antiviral response
system. Furthermore, the results reported according to the
present invention illustrate that if hepatitis C infection is
causally related to diabetes mellitus, inhibition or abolition of
hepatitis C infection using the compositions and methods
disclosed herein may be advantageous in preventing or alle-
viating development of diabetes mellitus.

A further published study has shown that OAS plays an
essential role in wound healing and its pathological disorders,
particularly in the case of venous ulcers and diabetes-associ-
ated poorly-healing wounds (WO 02/090552). In the case of
poor wound healing, OAS mRNA levels in the affected tis-
sues were reduced, rather than elevated as in lymphocytes
derived from patients suffering from type 1 diabetes. These
findings point to OAS as an etiologically important marker of
immune reactions in diabetes and diabetes-related wound
healing.

OAS may also play an intermediary role in cell processes
involved in prostate cancer. A primary biochemical function
of OAS is to promote the activity of RNasel., a uniquely-
regulated endoribonuclease that is enzymatically stimulated
by 2-5A molecules. RNasel. has a well-established role in
mediating the antiviral effects of IFN, and is a strong candi-
date for the hereditary prostate cancer 1 allele (HPC1). Muta-
tions in RNasel. have been shown to predispose men to an
increased incidence of prostate cancer, which in some cases
reflect more aggressive disease and/or decreased age of onset
compared with non RNase [-linked cases. Xiang et al. (Can-
cer Res. 2003 Oct. 15;63(20):6795-801) demonstrated that
biostable phosphorothiolate analogs of 2-5A induced RNa-
selL activity and caused apoptosis in cultures of late-stage
metastatic human prostate cancer cell lines. Their findings
suggest that the elevation of OAS activity with a concurrent
increase in 2-5A levels may facilitate the destruction of can-
cer cells through a potent apoptotic pathway. Thus, use of
compositions and methods disclosed herein may find utility
in the detection, treatment and/or prevention of prostate can-
cer.

OAS may further play a role in normal cell growth regula-
tion, either through its regulation of RNasel. or through
another as yet undiscovered pathway. There is considerable
evidence to support the importance of OAS in negatively
regulating cell growth. Rysiecki et al. (J. Interferon Res. 1989
December; 9(6):649-57) demonstrated that stable transfec-
tion of human OAS into a glioblastoma cell line results in
reduced cellular proliferation. OAS levels have also been
shown to be measurable in several studies comparing quies-
cent versus proliferating cell lines (e.g. Hassel and Ts’O, Mol
Carcinog. 1992; 5(1):41-51 and Kimchi et al., Eur ] Biochem.
1981; 114(1):5-10) and in each case the OAS levels were
greatest in quiescent cells. Other studies have shown a corre-
lation between OAS level and cell cycle phase, with OAS
levels rising sharply during late S phase and then dropping
abruptly in G2 (Wells and Mallucci, Exp Cell Res. 1985 July;
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159(1):27-36). Several studies have shown a correlation
between the induction of OAS and the onset of antiprolifera-
tive effects following stimulation with various forms of inter-
feron (see Player and Torrence, Pharmacol Ther. 1998 May;
78(2):55-113). Induction of OAS has also been shown during
cell differentiation (e.g. Salzberg et al., J Cell Sci. 1996 June;
109(Pt 6):1517-26 and Schwartz and Nilson, Mol Cell Biol.
1989 September; 9(9):3897-903). Other reports of induction
of OAS by platelet derived growth factor (PDGF) (Zullo et al.
Cell. 1985 December; 43(3 Pt 2):793-800) and under condi-
tions of heat-shock induced growth (Chousterman et al., J
Biol Chem. 1987 Apr. 5; 262(10):4806-11) lead to the
hypothesis that induction of OAS is a normal cell growth
control mechanism. Thus, use of compositions and methods
disclosed herein may find broad utility in the detection, treat-
ment and/or prevention of cancer.

Polynucleotide Analysis

An oligoadenylate synthetase gene is a nucleic acid whose
nucleotide sequence codes for oligoadenylate synthetase,
mutant oligoadenylate synthetase, or oligoadenylate syn-
thetase pseudogene. It can be in the form of genomic DNA, an
mRNA or cDNA, and in single or double stranded form.
Preferably, genomic DNA is used because of its relative sta-
bility in biological samples compared to mRNA. The
sequence of a polynucleotide consisting of consecutive nucle-
otides 2,130,000-2,157,999 of the complete genomic
sequence of the reference oligoadenylate synthetase gene is
provided in the Sequence Listing as SEQ ID NO:19, and
corresponds to Genbank Accession No. NT__009775.13.

The nucleic acid sample is obtained from cells, typically
peripheral blood leukocytes. Where mRNA is used, the cells
are lysed under RNase inhibiting conditions. In one embodi-
ment, the first step is to isolate the total cellular mRNA. Poly
A+ mRNA can then be selected by hybridization to an oligo-
dT cellulose column.

In preferred embodiments, the nucleic acid sample is
enriched for a presence of oligoadenylate synthetase allelic
material. Enrichment is typically accomplished by subjecting
the genomic DNA or mRNA to a primer extension reaction
employing a polynucleotide synthesis primer as described
herein. Particularly preferred methods for producing a sample
to be assayed use preselected polynucleotides as primers in a
polymerase chain reaction (PCR) to form an amplified (PCR)
product.

Preparation of Polynucleotide Primers

The term “polynucleotide” as used herein in reference to
primers, probes and nucleic acid fragments or segments to be
synthesized by primer extension is defined as a molecule
comprised of two or more deoxyribonucleotides or ribonucle-
otides, preferably more than three. Its exact size will depend
on many factors, which in turn depends on the ultimate con-
ditions of use.

The term “primer” as used herein refers to a polynucleotide
whether purified from a nucleic acid restriction digest or
produced synthetically, which is capable of acting as a point
of initiation of nucleic acid synthesis when placed under
conditions in which synthesis of a primer extension product
which is complementary to a nucleic acid strand is induced,
i.e., in the presence of nucleotides and an agent for polymer-
ization such as DNA polymerase, reverse transcriptase and
the like, and at a suitable temperature and pH. The primer is
preferably single stranded for maximum efficiency, but may
alternatively be in double stranded form. If double stranded,
the primer is first treated to separate it from its complemen-
tary strand before being used to prepare extension products.
Preferably, the primer is a polydeoxyribonucleotide. The
primer must be sufficiently long to prime the synthesis of
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extension products in the presence of the agents for polymer-
ization. The exact lengths of the primers will depend on many
factors, including temperature and the source of primer. For
example, depending on the complexity of the target sequence,
a polynucleotide primer typically contains 15 to 25 or more
nucleotides, although it can contain fewer nucleotides. Short
primer molecules generally require cooler temperatures to
form sufficiently stable hybrid complexes with template.

The primers used herein are selected to be “substantially”
complementary to the different strands of each specific
sequence to be synthesized or amplified. This means that the
primer must be sufficiently complementary to non-randomly
hybridize with its respective template strand. Therefore, the
primer sequence may or may not reflect the exact sequence of
the template. For example, a non-complementary nucleotide
fragment can be attached to the 5' end of the primer, with the
remainder of the primer sequence being substantially
complementary to the strand. Such non-complementary frag-
ments typically code for an endonuclease restriction site.
Alternatively, non-complementary bases or longer sequences
can be interspersed into the primer, provided the primer
sequence has sufficient complementarity with the sequence
of' the strand to be synthesized or amplified to non-randomly
hybridize therewith and thereby form an extension product
under polynucleotide synthesizing conditions.

Primers of the present invention may also contain a DNA-
dependent RNA polymerase promoter sequence or its
complement. See for example, Krieg, et al., Nucl. Acids Res.,
12:7057-70 (1984); Studier, et al., J. Mol. Biol., 189:113-130
(1986); and Molecular Cloning: A Laboratory Manual, Sec-
ond Edition, Maniatis, et al., eds., Cold Spring Harbor, N.Y.
(1989).

When a primer containing a DNA-dependent RNA poly-
merase promoter is used, the primer is hybridized to the
polynucleotide strand to be amplified and the second poly-
nucleotide strand of the DNA-dependent RNA polymerase
promoter is completed using an inducing agent such as E. coli
DNA polymerase I, or the Klenow fragment of . coli DNA
polymerase. The starting polynucleotide is amplified by alter-
nating between the production of an RNA polynucleotide and
DNA polynucleotide.

Primers may also contain a template sequence or replica-
tion initiation site for a RNA-directed RNA polymerase.
Typical RNA-directed RNA polymerase include the QB rep-
licase described by Lizardi, et al., Biotechnology, 6:1197-
1202 1988). RNA-directed polymerases produce large num-
bers of RNA strands from a small number of template RNA
strands that contain a template sequence or replication initia-
tion site. These polymerases typically give a one million-fold
amplification of the template strand as has been described by
Kramer, et al., J. Mol. Biol., 89:719-736 (1974).

The polynucleotide primers can be prepared using any
suitable method, such as, for example, the phosphotriester or
phosphodiester methods see Narang, et al., Meth. Enzymol.,
68:90, (1979); U.S. Pat. Nos. 4,356,270, 4,458,066, 4,416,
988, 4,293,652; and Brown, et al., Meth. Enzymol., 68:109
(1979).

The choice of a primer’s nucleotide sequence depends on
factors such as the distance on the nucleic acid from the
hybridization point to the region coding for the mutation to be
detected, its hybridization site on the nucleic acid relative to
any second primer to be used, and the like.

Ifthe nucleic acid sample is to be enriched for oligoadeny-
late synthetase gene material by PCR amplification, two
primers, i.e., a PCR primer pair, must be used for each coding
strand of nucleic acid to be amplified. The first primer
becomes part of the non-coding (anti-sense or minus or
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complementary) strand and hybridizes to a nucleotide
sequence on the plus or coding strand. Second primers
become part of the coding (sense or plus) strand and hybridize
to a nucleotide sequence on the minus or non-coding strand.
One or both of the first and second primers can contain a
nucleotide sequence defining an endonuclease recognition
site. The site can be heterologous to the oligoadenylate syn-
thetase gene being amplified.

In one embodiment, the present invention utilizes a set of
polynucleotides that form primers having a priming region
located at the 3'-terminus of the primer. The priming region is
typically the 3'- most (3'-terminal) 15 to 30 nucleotide bases.
The 3'-terminal priming portion of each primer is capable of
acting as a primer to catalyze nucleic acid synthesis, i.e.,
initiate a primer extension reaction off its 3' terminus. One or
both of the primers can additionally contain a 5'-terminal
(5'-most) non-priming portion, i.e., a region that does not
participate in hybridization to the preferred template.

In PCR, each primer works in combination with a second
primer to amplify a target nucleic acid sequence. The choice
of PCR primer pairs for use in PCR is governed by consider-
ations as discussed herein for producing oligoadenylate syn-
thetase gene regions. When a primer sequence is chosen to
hybridize (anneal) to a target sequence within an oligoadeny-
late synthetase gene allele intron, the target sequence should
be conserved among the alleles in order to insure generation
of target sequence to be assayed.

Polymerase Chain Reaction

Oligoadenylate synthetase genes are comprised of poly-
nucleotide coding strands, such as mRNA and/or the sense
strand of genomic DNA. If the genetic material to be assayed
is in the form of double stranded genomic DNA, it is usually
first denatured, typically by melting, into single strands. The
nucleic acid is subjected to a PCR reaction by treating (con-
tacting) the sample with a PCR primer pair, each member of
the pair having a preselected nucleotide sequence. The PCR
primer pair is capable of initiating primer extension reactions
by hybridizing to nucleotide sequences, preferably at least
about 10 nucleotides in length, more preferably at least about
20 nucleotides in length, conserved within the oligoadenylate
synthetase alleles. The first primer of a PCR primer pair is
sometimes referred to herein as the “anti-sense primer”
because it hybridizes to a non-coding or anti-sense strand of
anucleic acid, i.e., a strand complementary to a coding strand.
The second primer of a PCR primer pair is sometimes referred
to herein as the “sense primer” because it hybridizes to the
coding or sense strand of a nucleic acid.

The PCR reaction is performed by mixing the PCR primer
pair, preferably a predetermined amount thereof, with the
nucleic acids of the sample, preferably a predetermined
amount thereof, in a PCR buffer to form a PCR reaction
admixture. The admixture is thermocycled for a number of
cycles, which is typically predetermined, sufficient for the
formation of a PCR reaction product, thereby enriching the
sample to be assayed for oligoadenylate synthetase genetic
material.

PCR is typically carried out by thermocycling i.e., repeat-
edly increasing and decreasing the temperature of a PCR
reaction admixture within a temperature range whose lower
limit is about 30 degrees Celsius (30° C.) to about 55° C. and
whose upper limit is about 90° C. to about 100° C. The
increasing and decreasing can be continuous, but is prefer-
ably phasic with time periods of relative temperature stability
at each of temperatures favoring polynucleotide synthesis,
denaturation and hybridization.

A plurality of first primer and/or a plurality of second
primers can be used in each amplification, e.g., one species of
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first primer can be paired with a number of different second
primers to form several different primer pairs. Alternatively,
an individual pair of first and second primers can be used. In
any case, the amplification products of amplifications using
the same or different combinations of first and second primers
can be combined for assaying for mutations.

The PCR reaction is performed using any suitable method.
Generally it occurs in a buffered aqueous solution, i.e., a PCR
buffer, preferably at a pH of 7-9, most preferably about 8.
Preferably, a molar excess (for genomic nucleic acid, usually
about 10°:1 primer:template) of the primer is admixed to the
buffer containing the template strand. A large molar excess is
preferred to improve the efficiency of the process.

The PCR buffer also contains the deoxyribonucleotide
triphosphates (polynucleotide synthesis substrates) dATP,
dCTP, dGTP, and dTTP and a polymerase, typically thermo-
stable, all in adequate amounts for primer extension (poly-
nucleotide synthesis) reaction. The resulting solution (PCR
admixture) is heated to about 90° C.-100° C. forabout 1 to 10
minutes, preferably from 1 to 4 minutes. After this heating
period the solution is allowed to cool to 54° C., which is
preferable for primer hybridization. The synthesis reaction
may occur at from room temperature up to a temperature
above which the polymerase (inducing agent) no longer func-
tions efficiently. The thermocycling is repeated until the
desired amount of PCR product is produced. An exemplary
PCR buffer comprises the following: 50 mM KCI; 10 mM
Tris-HCI at pH 8.3; 1.5 mM MgCl.; 0.001% (wt/vol) gelatin,
200 uM dATP; 200 uM dTTP; 200 uM dCTP; 200 uM dGTP;
and 2.5 units Thermus aquaticus (Taq) DNA polymerase |
(U.S. Pat. No. 4,889,818) per 100 microliters of buffer.

The inducing agent may be any compound or system which
will function to accomplish the synthesis of primer extension
products, including enzymes. Suitable enzymes for this pur-
poseinclude, forexample, £. co/i DNA polymerase [, Klenow
fragment of £. coli DNA polymerase I, T4 DNA polymerase,
other available DNA polymerases, reverse transcriptase, and
other enzymes, including heat-stable enzymes, which will
facilitate combination of the nucleotides in the proper manner
to form the primer extension products which are complemen-
tary to each nucleic acid strand. Generally, the synthesis will
be initiated at the 3' end of each primer and proceed in the §'
direction along the template strand, until synthesis termi-
nates, producing molecules of different lengths. There may be
inducing agents, however, which initiate synthesis at the 5'
end and proceed in the above direction, using the same pro-
cess as described above.

The inducing agent also may be a compound or system
which will function to accomplish the synthesis of RNA
primer extension products, including enzymes. In preferred
embodiments, the inducing agent may be a DNA-dependent
RNA polymerase such as T7 RNA polymerase, T3 RNA
polymerase or SP6 RNA polymerase. These polymerases
produce a complementary RNA polynucleotide. The high
turn-over rate of the RNA polymerase amplifies the starting
polynucleotide as has been described by Chamberlin, et al.,
The Enzymes, ed. P. Boyer, pp. 87-108, Academic Press, New
York (1982). Amplification systems based on transcription
have been described by Gingeras, et al., in PCR Protocols, A
Guide to Methods and Applications, pp. 245-252, Innis, etal.,
eds, Academic Press, Inc., San Diego, Calif. (1990).

If the inducing agent is a DNA-dependent RNA poly-
merase and, therefore incorporates ribonucleotide triphos-
phates, sufficient amounts of ATP, CTP, GTP and UTP are
admixed to the primer extension reaction admixture and the
resulting solution is treated as described above.
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The newly synthesized strand and its complementary
nucleic acid strand form a double-stranded molecule which
can be used in the succeeding steps of the process.

The PCR reaction can advantageously be used to incorpo-
rate into the product a preselected restriction site useful in
detecting a mutation in the oligoadenylate synthetase gene.

PCR amplification methods are described in detail in U.S.
Pat. Nos. 4,683,192, 4,683,202, 4,800,159, and 4,965,188,
and at least in several texts including PCR Technology: Prin-
ciples and Applications for DNA Amplification, H. Erlich,
ed., Stockton Press, New York (1989); and PCR Protocols: A
Guide to Methods and Applications, Innis, et al., eds., Aca-
demic Press, San Diego, Calif. (1990).

In some embodiments, two pairs of first and second prim-
ers are used per amplification reaction. The amplification
reaction products obtained from a plurality of different ampli-
fications, each using a plurality of different primer pairs, can
be combined or assayed separately.

However, the present invention contemplates amplification
using only one pair of first and second primers. Exemplary
primers for amplifying the sections of DNA containing the
mutations disclosed herein are shown below in Table 1.
AmpliconA corresponds to the polynucleotide sequence that
contains the mutations referred to in SEQ ID NO:1-3. Ampli-
conB corresponds to the polynucleotide sequence containing
the mutations referred to in SEQ ID NO:4-7 and SEQ ID
NO:60. AmpliconC corresponds to the polynucleotide
sequence containing the mutation referred to in SEQ ID
NO:57. AmpliconD corresponds to the polynucleotide
sequence containing the mutation referred to in SEQ ID
NO:58. AmpliconE corresponds to the polynucleotide
sequence containing the mutation referred to in SEQ ID NO:
59. AmpliconF corresponds to the polynucleotide sequence
containing the mutation referred to in SEQ ID NO:61. Ampli-
conG corresponds to the polynucleotide sequences contain-
ing the mutation referred to in SEQ ID NO: 62-64.

TABLE 1
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Table 2 discloses the position in the above Amplicons of the
mutations of the invention.

TABLE 2

Position of Mutations of the Invention in Amplicons

Position in Amplicon
(relative to 5' end of

Mutation Amplicon PrimerA side of Amplicon)
1 (SEQID-NO: 1) AmpliconA 134
2 (SEQIDNO: 2) AmpliconA 155
3 (SEQIDNO: 3) AmpliconA 384
4 (SEQID NO: 4) AmpliconB 98
5 (SEQID NO: 5) AmpliconB 114
6 (SEQ ID NO: 6) AmpliconB 142
7 (SEQIDNO: 7) AmpliconB 347
8 (SEQ ID NO: 57) AmpliconC 319
9 (SEQ ID NO: 58) AmpliconD 404

10 (SEQ ID NO: 59) AmpliconE 133

11 (SEQ ID NO: 60) AmpliconB 320

12 (SEQ ID NO: 61) AmpliconF 367

13 (SEQ ID NO: 62) AmpliconG 138

14 (SEQ ID NO: 63) AmpliconG 210

15 (SEQ ID NO: 64) AmpliconG 253

Nucleic Acid Sequence Analysis

Nucleic acid sequence analysis is approached by a combi-
nation of (a) physiochemical techniques, based on the hybrid-
ization or denaturation of a probe strand plus its complemen-
tary target, and (b) enzymatic reactions with endonucleases,
ligases, and polymerases. Nucleic acid can be assayed at the
DNA or RNA level. The former analyzes the genetic potential
of'individual humans and the latter the expressed information
of particular cells.

In assays using nucleic acid hybridization, detecting the
presence of a DNA duplex in a process of the present inven-
tion can be accomplished by a variety of means.

Amplicons Containing Mutations of the Present Invention

Product
size
Amplicon PrimerA PrimerB (bp)
AmpliconaA 5'- 5'- 509
AATGGACCTCAAGACTTCCC-3' ATTCTCCCTTCTGTTGCAGG-
(SEQ ID NO: 8) 3' (SEQ ID NO: 9)
AmpliconB 5'- 5'- 747
TCCAGATGGCATGTCACAGT-3' GAGCTATGCTTGGCACATAG-
(SEQ ID NO: 10) 3' (SEQ ID NO: 11)
AmpliconC 5'- 5'- 603
CACAAGAGTGAACCTTAATGT - CCAGGAAGTGGAAAGATCAT-
3'(SEQ ID NO: 65) 3'(SEQ ID NO: 66)
AmpliconD 5'- 5'- 553
ATCTCCCACAGTTTGAGAGC - TCAGCCTCCAAAAGTGTTGG-
3'(SEQ ID NO: 67) 3'(SEQ ID NO: 68)
AmpliconE 5'- 5'- 532
GGGTACATGTGCACAATGTG- CCCTTATACAAAATTCAACTC-
3'(SEQ ID NO: 69) 3'(SEQ ID NO: 70)
AmpliconF 5'- 5'- 648
GAGCCAAGAAGTACAGATGC- AGGACAGAGCTGTCCAATAG-
3'(SEQ ID NO: 71) 3'(SEQ ID NO: 72)
AmpliconG 5'- 5'- 581
GGCTCAGAGAAGCTAAGTGA- CCACAGCATCCTTTTCAGTC-
3'(SEQ ID NO: 73) 3'(SEQ ID NO: 74)
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In one approach for detecting the presence of a DNA
duplex, an oligonucleotide that is hybridized in the DNA
duplex includes alabel or indicating group that will render the
duplex detectable. Typically such labels include radioactive
atoms, chemically modified nucleotide bases, and the like.

The oligonucleotide can be labeled, i.e., operatively linked
to an indicating means or group, and used to detect the pres-
ence of a specific nucleotide sequence in a target template.

Radioactive elements operatively linked to or present as
part of an oligonucleotide probe (labeled oligonucleotide)
provide a useful means to facilitate the detection of a DNA
duplex. A typical radioactive element is one that produces
beta ray emissions. Elements that emit beta rays, such as *H,
12C, 32P and *°S represent a class of beta ray emission-
producing radioactive element labels. A radioactive poly-
nucleotide probe is typically prepared by enzymatic incorpo-
ration of radioactively labeled nucleotides into a nucleic acid
using DNA kinase.

Alternatives to radioactively labeled oligonucleotides are
oligonucleotides that are chemically modified to contain
metal complexing agents, biotin-containing groups, fluores-
cent compounds, and the like.

One useful metal complexing agent is a lanthanide chelate
formed by a lanthanide and an aromatic beta-diketone, the
lanthanide being bound to the nucleic acid or oligonucleotide
via a chelate-forming compound such as an EDTA-analogue
so that a fluorescent lanthanide complex is formed. See U.S.
Pat. Nos. 4,374,120, 4,569,790 and published Patent Appli-
cation EP0139675 and W087/02708.

Biotin or acridine ester-labeled oligonucleotides and their
use to label polynucleotides have been described. See U.S.
Pat. No. 4,707,404, published Patent Application EP0212951
and European Patent No. 0087636. Useful fluorescent marker
compounds include fluorescein, rthodamine, Texas Red, NBD
and the like.

A labeled oligonucleotide present in a DNA duplex renders
the duplex itself labeled and therefore distinguishable over
other nucleic acids present in a sample to be assayed. Detect-
ing the presence of the label in the duplex and thereby the
presence of the duplex, typically involves separating the DNA
duplex from any labeled oligonucleotide probe that is not
hybridized to a DNA duplex.

Techniques for the separation of single stranded oligo-
nucleotide, such as non-hybridized labeled oligonucleotide
probe, from DNA duplex are well known, and typically
involve the separation of single stranded from double
stranded nucleic acids on the basis of their chemical proper-
ties. More often separation techniques involve the use of a
heterogeneous hybridization format in which the non-hybrid-
ized probe is separated, typically by washing, from the DNA
duplex that is bound to an insoluble matrix. Exemplary is the
Southern blot technique, in which the matrix is a nitrocellu-
lose sheet and the label is **P. Southern, J. Mol. Biol., 98:503
(1975).

The oligonucleotides can also be advantageously linked,
typically at or near their 5'-terminus, to a solid matrix, i.e.,
aqueous insoluble solid support. Useful solid matrices are
well known in the art and include cross-linked dextran such as
that available under the tradename SEPHADEX from Phar-
macia Fine Chemicals (Piscataway, N.J.); agarose, polysty-
rene or latex beads about 1 micron to about 5 millimeters in
diameter, polyvinyl chloride, polystyrene, cross-linked poly-
acrylamide, nitrocellulose or nylon-based webs such as
sheets, strips, paddles, plates microtiter plate wells and the
like.
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Itis also possible to add “linking” nucleotides to the 5' or 3'
end of the member oligonucleotide, and use the linking oli-
gonucleotide to operatively link the member to the solid sup-
port.

In nucleotide hybridizing assays, the hybridization reac-
tion mixture is maintained in the contemplated method under
hybridizing conditions for a time period sufficient for the
oligonucleotides having complementarity to the predeter-
mined sequence on the template to hybridize to complemen-
tary nucleic acid sequences present in the template to form a
hybridization product, i.e., a complex containing oligonucle-
otide and target nucleic acid.

The phrase “hybridizing conditions” and its grammatical
equivalents, when used with a maintenance time period, indi-
cates subjecting the hybridization reaction admixture, in the
context of the concentrations of reactants and accompanying
reagents in the admixture, to time, temperature and pH con-
ditions sufficient to allow one or more oligonucleotides to
anneal with the target sequence, to form a nucleic acid duplex.
Such time, temperature and pH conditions required to accom-
plish hybridization depend, as is well known in the art, on the
length of the oligonucleotide to be hybridized, the degree of
complementarity between the oligonucleotide and the target,
the guanine and cytosine content of the oligonucleotide, the
stringency of hybridization desired, and the presence of salts
or additional reagents in the hybridization reaction admixture
as may affect the kinetics of hybridization. Methods for opti-
mizing hybridization conditions for a given hybridization
reaction admixture are well known in the art.

Typical hybridizing conditions include the use of solutions
buffered to pH values between 4 and 9, and are carried out at
temperatures from 4° C. to 37° C., preferably about 12° C. to
about 30° C., more preferably about 22° C., and for time
periods from 0.5 seconds to 24 hours, preferably 2 minutes
(min) to 1 hour.

Hybridization can be carried out in a homogeneous or
heterogeneous format as is well known. The homogeneous
hybridization reaction occurs entirely in solution, in which
both the oligonucleotide and the nucleic acid sequences to be
hybridized (target) are present in soluble forms in solution. A
heterogeneous reaction involves the use of a matrix that is
insoluble in the reaction medium to which either the oligo-
nucleotide, polynucleotide probe or target nucleic acid is
bound.

Where the nucleic acid containing a target sequence is in a
double stranded (ds) form, it is preferred to first denature the
dsDNA, as by heating or alkali treatment, prior to conducting
the hybridization reaction. The denaturation of the dsDNA
can be carried out prior to admixture with an oligonucleotide
to be hybridized, or can be carried out after the admixture of
the dsDNA with the oligonucleotide.

Predetermined complementarity between the oligonucle-
otide and the template is achieved in two alternative manners.
A sequence in the template DNA may be known, such as
where the primer to be formed can hybridize to known oli-
goadenylate synthetase sequences and can initiate primer
extension into a region of DNA for sequencing purposes, as
well as subsequent assaying purposes as described herein, or
where previous sequencing has determined a region of nucle-
otide sequence and the primer is designed to extend from the
recently sequenced region into a region of unknown
sequence. This latter process has been referred to a “directed
sequencing” because each round of sequencing is directed by
a primer designed based on the previously determined
sequence.

Effective amounts of the oligonucleotide present in the
hybridization reaction admixture are generally well known
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and are typically expressed in terms of molar ratios between
the oligonucleotide to be hybridized and the template. Pre-
ferred ratios are hybridization reaction mixtures containing
equimolar amounts of the target sequence and the oligonucle-
otide. As is well known, deviations from equal molarity will
produce hybridization reaction products, although at lower
efficiency. Thus, although ratios where one component can be
in as much as 100 fold molar excess relative to the other
component, excesses of less than 50 fold, preferably less than
10 fold, and more preferably less than two fold are desirable
in practicing the invention.

Detection of Membrane-Immobilized Target Sequences

In the DNA (Southern) blot technique, DNA is prepared by
PCR amplification as previously discussed. The PCR prod-
ucts (DNA fragments) are separated according to size in an
agarose gel and transferred (blotted) onto a nitrocellulose or
nylon membrane. Conventional electrophoresis separates
fragments ranging from 100 to 30,000 base pairs while pulsed
field gel electrophoresis resolves fragments up to 20 million
base pairs in length. The location on the membrane a contain-
ing particular PCR product is determined by hybridization
with a specific, labeled nucleic acid probe.

In preferred embodiments, PCR products are directly
immobilized onto a solid-matrix (nitrocellulose membrane)
using a dot-blot (slot-blot) apparatus, and analyzed by probe-
hybridization. See U.S. Pat. Nos. 4,582,789 and 4,617,261.

Immobilized DNA sequences may be analyzed by probing
with allele-specific oligonucleotide (ASO) probes, which are
synthetic DNAn oligomers of approximately 15, 17, 20, 25 or
up to about 30 nucleotides in length. These probes are long
enough to represent unique sequences in the genome, but
sufficiently short to be destabilized by an internal mismatch in
their hybridization to a target molecule. Thus, any sequences
differing at single nucleotides may be distinguished by the
different denaturation behaviors of hybrids between the ASO
probe and normal or mutant targets under carefully controlled
hybridization conditions. Exemplary probes are disclosed
herein as SEQ ID NO:1-7 and SEQ ID NO:57-64 (Table 3),
but any probes are suitable as long as they hybridize specifi-
cally to the region of the OASI gene carrying the point muta-
tion of choice, and are capable of specifically distinguishing
between polynucleotide carrying the point mutation and a
wild type polynucleotide.

Detection of Target Sequences in Solution

Several rapid techniques that do not require nucleic acid
purification or immobilization have been developed. For
example, probe/target hybrids may be selectively isolated on
a solid matrix, such as hydroxylapatite, which preferentially
binds double-stranded nucleic acids. Alternatively, probe
nucleic acids may be immobilized on a solid support and used
to capture target sequences from solution. Detection of the
target sequences can be accomplished with the aid of a sec-
ond, labeled probe that is either displaced from the support by
the target sequence in a competition-type assay or joined to
the support via the bridging action of the target sequence in a
sandwich-type format.

In the oligonucleotide ligation assay (OLA), the enzyme
DNA ligase is used to covalently join two synthetic oligo-
nucleotide sequences selected so that they can base pair with
atarget sequence in exact head-to-tail juxtaposition. Ligation
of the two oligomers is prevented by the presence of mis-
matched nucleotides at the junction region. This procedure
allows for the distinction between known sequence variants
in samples of cells without the need for DNA purification.
The joining of the two oligonucleotides may be monitored by
immobilizing one of the two oligonucleotides and observing
whether the second, labeled oligonucleotide is also captured.
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Scanning Techniques for Detection of Base Substitutions

Three techniques permit the analysis of probe/target
duplexes several hundred base pairs in length for unknown
single-nucleotide substitutions or other sequence differences.
In the ribonuclease (RNase) A technique, the enzyme cleaves
alabeled RNA probe at positions where it is mismatched to a
target RNA or DNA sequence. The fragments may be sepa-
rated according to size allowing for the determination of the
approximate position of the mutation. See U.S. Pat. No.
4,946,773.

In the denaturing gradient gel technique, a probe-target
DNA duplex is analyzed by electrophoresis in a denaturing
gradient of increasing strength. Denaturation is accompanied
by a decrease in migration rate. A duplex with a mismatched
base pair denatures more rapidly than a perfectly matched
duplex.

A third method relies on chemical cleavage of mismatched
base pairs. A mismatch between T and C, G, or T, as well as
mismatches between C and T, A, or C, can be detected in
heteroduplexes. Reaction with osmium tetroxide (T and C
mismatches) or hydroxylamine (C mismatches) followed by
treatment with piperidine cleaves the probe at the appropriate
mismatch.

Therapeutic Agents for Restoring and/or Enhancing OAS1
Function

Where a mutation in the OAS1 gene leads to defective
OAS]1 function and this defective function is associated with
increased susceptibility of a patient to pathogenic infection,
whether through lower levels of OAS1 protein, mutation in
the protein affecting its function, or other mechanisms, it may
be advantageous to treat the patient with wild type OAS1
protein. Furthermore, if the mutation gives rise in infection-
resistant carriers to a form of the protein that differs from the
wild-type protein, and that has an advantage in terms of
inhibiting HCV infection, it may be advantageous to admin-
ister a protein encoded by the mutated gene. As described
previously, administration of either native or mutant forms of
OASI proteins or polypeptides may also be advantageous in
the treatment of other indications including but not limited to
cancer, diabetes mellitus, and wound healing. The discussion
below pertains to administration of any of the foregoing pro-
teins or polypeptides.

The polypeptides of the present invention, including those
encoded by OAS I R, may be a naturally purified product, or
a product of chemical synthetic procedures, or produced by
recombinant techniques from a prokaryotic or eukaryotic
host (for example, by bacterial, yeast, higher plant, insect and
mammalian cells in culture) of a polynucleotide sequence of
the present invention. Depending upon the host employed in
a recombinant production procedure, the polypeptides of the
present invention may be glycosylated with mammalian or
other eukaryotic carbohydrates or may be non-glycosylated.
Polypeptides of the invention may also include an initial
methionine amino acid residue (at position minus 1).

The polypeptides of the present invention also include the
protein sequences defined in SEQ ID NO: 20, SEQ ID NO:
21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24 and
SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID
NO: 28, SEQ ID NO: 29, SEQ ID NO: 32, SEQ ID NO: 33,
SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 46, and SEQ
ID NO: 47 and derivatives thereof. In addition to naturally
occurring allelic forms of the polypeptide(s) the present
invention also embraces analogs and fragments thereof,
which function similarly to the naturally occurring allelic
forms. Thus, for example, one or more of the amino acid
residues of the polypeptide may be replaced by conserved
amino acid residues, as long as the function of the OASIR
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protein is maintained. Examples 8-10, below, provide repre-
sentative illustrations of suitable amino acid replacements
with regard to the polypeptides of the present invention. As
another example, the polypeptides of the present invention
specifically include the truncated or analog forms of OAS
defined in SEQ ID NO: 48, SEQ ID NO: 49, SEQ ID NO: 50,
SEQID NO: 51 and SEQ ID NO:52. As discussed previously,
SEQ ID NO: 51 represents the shortened form of OAS1
possessed by chimpanzees and SEQ ID NO: 52 represents a
carboxyl-terminus fragment of the longer but still truncated
form possessed by gorillas. SEQ ID NO: 49 and SEQ ID NO:
50 represent synthetic human OAS1R constructs truncated to
the corresponding chimpanzee and gorilla sites of truncation,
respectively. SEQ ID NO: 48 represents a synthetic human
OASI1R polypeptide truncated to a length intermediate to the
chimpanzee and gorilla forms. SEQ ID NO: 48 has further
been demonstrated to be enzymatically active by methods
known in the art as disclosed elsewhere herein. Correspond-
ingly, the remaining highly similar truncated forms may also
be demonstrated to be enzymatically active. As those skilled
in the art will appreciate, therapeutic use of truncated but
functional forms of OASIR polypeptides can preclude the
development of antibody response which would otherwise
hinder the therapeutic efficacy of the polypeptide. The fore-
going truncated polypeptides, and others that can be envi-
sioned by one skilled in the art, maintain function but remove
non-ubiquitous portions of the polypeptide that could induce
antibody response in individuals not possessing the full
length OAS1R polypeptide endogenously. Those skilled in
the art will also appreciate that smaller polypeptides, in gen-
eral, are more amenable to the complexities of manufactur-
ing, delivery, and clearance typically encountered in thera-
peutic development. Additionally, those skilled in the art will
appreciate that the occurrence of distinct homozygous trun-
cating variants in chimpanzee and gorilla are also highly
suggestive for the broad anti-viral potency of the presently
disclosed truncated OAS1 forms. Although the truncated
polypeptide forms specifically disclosed above represent
truncations to the carboxyl-terminus of the polypeptide, the
invention is not limited by the form of the fragment and
specifically includes amino-terminus truncations and internal
amino acid deletions that retain enzymatic function.

Also included in the scope of the invention are polypep-
tides that retain at least one activity of a specific disclosed
polypeptide, but differ from the disclosed amino acid
sequence. Such polypeptides preferably have at least 80%
sequence homology, preferably 85% sequence homology,
more preferably 90% sequence homology, most preferably
95% more sequence homology to the corresponding dis-
closed SEQ ID NO: as calculated using standard methods of
alignment.

The polypeptides may also be employed in accordance
with the present invention by expression of such polypeptides
in vivo, which is often referred to as gene therapy. Thus, for
example, cells may be transduced with a polynucleotide
(DNA or RNA) encoding the polypeptides ex vivo with those
transduced cells then being provided to a patient to be treated
with the polypeptide. Such methods are well known in the art.
For example, cells may be transduced by procedures known
in the art by use of a retroviral particle containing RNA
encoding the polypeptide of the present invention.

Similarly, transduction of cells may be accomplished in
vivo for expression ofthe polypeptide in vivo, for example, by
procedures known in the art. As known in the art, a producer
cell for producing a retroviral particle containing RNA
encoding the polypeptides of the present invention may be
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administered to a patient for transduction in vivo and expres-
sion of the polypeptides in vivo.

These and other methods for administering the polypep-
tides of the present invention by such methods should be
apparent to those skilled in the art from the teachings of the
present invention. For example, the expression vehicle for
transducing cells may be other than a retrovirus, for example,
an adenovirus which may be used to transduce cells in vivo
after combination with a suitable delivery vehicle.

In the case where the polypeptides are prepared as a liquid
formulation and administered by injection, preferably the
solution is an isotonic salt solution containing 140 millimolar
sodium chloride and 10 millimolar calcium at pH 7.4. The
injection may be administered, for example, in a therapeuti-
cally effective amount, preferably in a dose of about 1 png/kg
body weight to about 5 mg/kg body weight daily, taking into
account the routes of administration, health of the patient, etc.

The polypeptide(s) of the present invention may be
employed in combination with a suitable pharmaceutical car-
rier. Such compositions comprise a therapeutically effective
amount of the protein, and a pharmaceutically acceptable
carrier or excipient. Such a carrier includes but is not limited
to saline, buffered saline, dextrose, water, glycerol, ethanol,
and combinations thereof. The formulation should suit the
mode of administration.

The polypeptide(s) of the present invention can also be
modified by chemically linking the polypeptide to one or
more moieties or conjugates to enhance the activity, cellular
distribution, or cellular uptake of the polypeptide(s). Such
moieties or conjugates include lipids such as cholesterol,
cholic acid, thioether, aliphatic chains, phospholipids and
their derivatives, polyamines, polyethylene glycol (PEG),
palmityl moieties, and others as disclosed in, for example,
U.S. Pat. Nos. 5,514,758, 5,565,552, 5,567,810, 5,574,142,
5,585,481, 5,587,371, 5,597,696 and 5,958,773.

The polypeptide(s) of the present invention may also be
modified to target specific cell types for a particular disease
indication, including but not limited to liver cells in the case
ot’hepatitis C infection. As can be appreciated by those skilled
in the art, suitable methods have been described that achieve
the described targeting goals and include, without limitation,
liposomal targeting, receptor-mediated endocytosis, and anti-
body-antigen binding. In one embodiment, the asiaglycopro-
tein receptor may be used to target liver cells by the addition
of a galactose moiety to the polypeptide(s). In another
embodiment, mannose moieties may be conjugated to the
polypeptide(s) in order to target the mannose receptor found
on macrophages and liver cells. The polypeptide(s) of the
present invention may also be modified for cytosolic delivery
by methods known to those skilled in the art, including, but
not limited to, endosome escape mechanisms or protein trans-
duction domain (PTD) systems. PTD systems are disclosed
in, for example, Vives E, et al. (1997) J. Biol. Chem. 272:
16010-16017, Derossi, et al. (1994) J. Biol. Chem. 269:
10444-10450, Elliott, G etal. (1997) Cell 88:223-233, Wadia,
JSetal. (2004) Nat. Med. 10:310-315, and Kabouridis, P S.
(2003) Trends Biotech., 21: 498-503. Known endosome
escape systems include the use of ph-responsive polymeric
carriers such as poly(propylacrylic acid). Known PTD sys-
tems range from natural peptides such as HIV-1 TAT, HSV-1
VP22, Drosophila Antennapedia, or diphtheria toxin to syn-
thetic peptide carriers (Wadia and Dowdy, Cur. Opin. Bio-
tech. 13:52-56, 2002; Becker-Hapak et. al., Methods 24:247-
256, 2001). FIG. 10 provides detailed description of several
of these exemplary PTDs. As one skilled in the art will rec-
ognize, multiple delivery and targeting methods, may be
combined. For example, the polypeptide(s) of the present
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invention may be targeted to liver cells by encapsulation
within liposomes, such liposomes being conjugated to galac-
tose for targeting to the asialoglycoprotein receptor.

The invention also provides a pharmaceutical pack or kit
comprising one or more containers filled with one or more of
the ingredients of the pharmaceutical compositions of the
invention. Associated with such container(s) can be a notice
in the form prescribed by a governmental agency regulating
the manufacture, use or sale of pharmaceuticals or biological
products, which notice reflects approval by the agency of
manufacture, use or sale for human administration. In addi-
tion, the polypeptide of the present invention may be
employed in conjunction with other therapeutic compounds.

When the OAS1 variants of the present invention are used
as a pharmaceutical, they can be given to mammals, in a
suitable vehicle. When the polypeptides of the present inven-
tion are used as a pharmaceutical as described above, they are
given, for example, in therapeutically effective doses of about
10 pg/kg body weight to about 4 mg/kg body weight daily,
taking into account the routes of administration, health of the
patient, etc. The amount given is preferably adequate to
achieve prevention or inhibition of infection by a virus, pref-
erably a flavivirus, most preferably HCV, thus replicating the
natural resistance found in humans carrying an OAS1R allele
as disclosed herein.

Inhibitor-based drug therapies that mimic the beneficial
effects of atleast one mutation at position 2135728, 2135749,
2135978, 2144072, 2144088, 2144116, 2144321, 2131025,
2133961, 2139587, 2144294, 2144985, 2156523, 2156595,
or 2156638 of NT__009775.13 are also envisioned, as dis-
cussed in detail below. As discussed previously, one exem-
plary rationale for developing such inhibitors is the case
where the beneficial mutation diminishes or eradicates
expression, translation, or function of one or more particular
isoforms of OAS1. The present invention is not limited by the
precise form or effect of the beneficial mutation nor the bio-
logical activity of the particular isoforms thereby affected. In
such case, one skilled in the art will appreciate the utility of
therapeutically inhibiting said particular isoform(s) of OASI.
These inhibitor-based therapies can take the form of chemical
entities, peptides or proteins, antisense oligonucleotides,
small interference RNAs, and antibodies.

The proteins, their fragments or other derivatives, or ana-
logs thereof, or cells expressing them can be used as an
immunogen to produce antibodies thereto. These antibodies
can be, for example, polyclonal, monoclonal, chimeric, single
chain, Fab fragments, or the product of an Fab expression
library. Various procedures known in the art may be used for
the production of polyclonal antibodies.

Antibodies generated against the polypeptide encoded by
OASIR of the present invention can be obtained by direct
injection of the polypeptide into an animal or by administer-
ing the polypeptide to an animal, preferably a nonhuman. The
antibody so obtained will then bind the polypeptide itself. In
this manner, even a sequence encoding only a fragment of the
polypeptide can be used to generate antibodies binding the
whole native polypeptide. Moreover, a panel of such antibod-
ies, specific to a large number of polypeptides, can be used to
identify and differentiate such tissue. As an example, FIG. 9
demonstrates development of antibodies specific to particular
exemplary polypeptides of the present invention.

For preparation of monoclonal antibodies, any technique
which provides antibodies produced by continuous cell line
cultures can be used. Examples include the hybridoma tech-
nique (Kohler and Milstein, 1975, Nature, 256:495-597), the
trioma technique, the human B-cell hybridoma technique
(Kozbor, et al., 1983, Immunology Today 4:72), and the EBV-
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hybridoma technique to produce human monoclonal antibod-
ies (Coe, et al., 1985, Monoclonal Antibodies and Cancer
Therapy, Alan R. Liss, Inc. pp. 77-96).

Techniques described for the production of single chain
antibodies (U.S. Pat. No. 4,946,778) can be adapted to pro-
duce single chain antibodies to immunogenic polypeptide
products of this invention.

The antibodies can be used in methods relating to the
localization and activity of the protein sequences of the inven-
tion, e.g., for imaging these proteins, measuring levels thereof
in appropriate physiological samples, and the like.

The present invention provides detectably labeled oligo-
nucleotides for imaging OAS1 polynucleotides within a cell.
Such oligonucleotides are useful for determining if gene
amplification has occurred, and for assaying the expression
levels in a cell or tissue using, for example, in situ hybridiza-
tion as is known in the art.

Therapeutic Agents for Inhibition of OAS1 Function

The present invention also relates to antisense oligonucle-
otides designed to interfere with the normal function of OAS1
polynucleotides. Any modifications or variations of the anti-
sense molecule which are known in the art to be broadly
applicable to antisense technology are included within the
scope of the invention. Such modifications include prepara-
tion of phosphorus-containing linkages as disclosed in U.S.
Pat. Nos. 5,536,821 5,541,306; 5,550,111, 5,563,253, 5,571,
799; 5,587,361, 5,625,050 and 5,958,773.

The antisense compounds of the invention can include
modified bases as disclosed in U.S. Pat. No. 5,958,773 and
patents disclosed therein. The antisense oligonucleotides of
the invention can also be modified by chemically linking the
oligonucleotide to one or more moieties or conjugates to
enhance the activity, cellular distribution, or cellular uptake
of'the antisense oligonucleotide. Such moieties or conjugates
include lipids such as cholesterol, cholic acid, thioether, ali-
phatic chains, phospholipids, polyamines, polyethylene gly-
col (PEQG), palmityl moieties, and others as disclosed in, for
example, U.S. Pat. Nos. 5,514,758, 5,565,552, 5,567,810,
5,574,142, 5,585,481, 5,587,371, 5,597,696 and 5,958,773.

Chimeric antisense oligonucleotides are also within the
scope of the invention, and can be prepared from the present
inventive oligonucleotides using the methods described in,
for example, U.S. Pat. Nos. 5,013,830, 5,149,797, 5,403,711,
5,491,133, 5,565,350, 5,652,355, 5,700,922 and 5,958,773.

Preferred antisense oligonucleotides can be selected by
routine experimentation using, for example, assays described
in the Examples. Although the inventors are not bound by a
particular mechanism of action, it is believed that the anti-
sense oligonucleotides achieve an inhibitory effect by bind-
ing to a complementary region of the target polynucleotide
within the cell using Watson-Crick base pairing. Where the
target polynucleotide is RNA, experimental evidence indi-
cates that the RNA component of the hybrid is cleaved by
RNase H (Giles et al., Nuc. Acids Res. 23:954-61, 1995; U.S.
Pat. No. 6,001,653). Generally, a hybrid containing 10 base
pairsis of sufficient length to serve as a substrate for RNase H.
However, to achieve specificity of binding, it is preferable to
use an antisense molecule of at least 17 nucleotides, as a
sequence of this length is likely to be unique among human
genes.

As disclosed in U.S. Pat. No. 5,998,383, incorporated
herein by reference, the oligonucleotide is selected such that
the sequence exhibits suitable energy related characteristics
important for oligonucleotide duplex formation with their
complementary templates, and shows a low potential for self-
dimerization or self-complementation (Anazodo et al., Bio-
chem. Biophys. Res. Commun. 229:305-09, 1996). The com-
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puter program OLIGO (Primer Analysis Software, Version
3.4), is used to determined antisense sequence melting tem-
perature, free energy properties, and to estimate potential
self-dimer formation and self-complimentarity properties.
The program allows the determination of a qualitative esti-
mation of these two parameters (potential self-dimer forma-
tion and self-complimentary) and provides an indication of
“no potential” or “some potential” or “essentially complete
potential.” Segments of OAS1 polynucleotides are generally
selected that have estimates of no potential in these param-
eters. However, segments can be used that have “some poten-
tial” in one of the categories. A balance of the parameters is
used in the selection.

In the antisense art a certain degree of routine experimen-
tation is required to select optimal antisense molecules for
particular targets. To be effective, the antisense molecule
preferably is targeted to an accessible, or exposed, portion of
the target RNA molecule. Although in some cases informa-
tion is available about the structure of target mRNA mol-
ecules, the current approach to inhibition using antisense is
via experimentation. According to the invention, this experi-
mentation can be performed routinely by transfecting cells
with an antisense oligonucleotide using methods described in
the Examples. mRNA levels in the cell can be measured
routinely in treated and control cells by reverse transcription
of the mRNA and assaying the cDNA levels. The biological
effect can be determined routinely by measuring cell growth
or viability as is known in the art.

Measuring the specificity of antisense activity by assaying
and analyzing cDNA levels is an art-recognized method of
validating antisense results. It has been suggested that RNA
from treated and control cells should be reverse-transcribed
and the resulting cDNA populations analyzed. (Branch, A.
D., T1.B.S 23:45-50, 1998.) According to the present inven-
tion, cultures of cells are transfected with two different anti-
sense oligonucleotides designed to target OAS1. The levels of
mRNA corresponding to OAS1 are measured in treated and
control cells.

Additional inhibitors include ribozymes, proteins or
polypeptides, antibodies or fragments thereof as well as small
molecules. Each of these OAS1 inhibitors share the common
feature in that they reduce the expression and/or biological
activity of OAS1. In addition to the exemplary OAS1 inhibi-
tors disclosed herein, alternative inhibitors may be obtained
through routine experimentation utilizing methodology
either specifically disclosed herein or as otherwise readily
available to and within the expertise of the skilled artisan.
Ribozymes

OASI inhibitors may be ribozymes. A ribozyme is an RNA
molecule that specifically cleaves RNA substrates, such as
mRNA, resulting in specific inhibition or interference with
cellular gene expression. As used herein, the term ribozymes
includes RNA molecules that contain antisense sequences for
specific recognition, and an RNA-cleaving enzymatic activ-
ity. The catalytic strand cleaves a specific site in a target RNA
at greater than stoichiometric concentration.

A wide variety of ribozymes may be utilized within the
context of the present invention, including for example, the
hammerhead ribozyme (for example, as described by Forster
and Symons, Cell 48:211-20, 1987; Haseloft and Gerlach,
Nature 328:596-600, 1988; Walbot and Bruening, Nature
334:196, 1988; Haseloff and Gerlach, Nature 334:585,
1988); the hairpin ribozyme (for example, as described by
Haseloff et al., U.S. Pat. No. 5,254,678, issued Oct. 19, 1993
and Hempel et al., European Patent Publication No. 0 360
257, published Mar. 26, 1990); and Tetrahymena ribosomal
RNA-based ribozymes (see Cech et al., U.S. Pat. No. 4,987,
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071). Ribozymes of the present invention typically consist of
RNA, but may also be composed of DNA, nucleic acid ana-
logs (e.g., phosphorothioates), or chimerics thereof (e.g.,
DNA/RNA/RNA).

Ribozymes can be targeted to any RNA transcript and can
catalytically cleave such transcripts (see, e.g., U.S. Pat. Nos.
5,272,262, 5,144,019; and 5,168,053, 5,180,818, 5,116,742
and 5,093,246 to Cech et al.). According to certain embodi-
ments of the invention, any such OAS1 mRNA-specific
ribozyme, or anucleic acid encoding such a ribozyme, may be
delivered to a host cell to effect inhibition of OAS1 gene
expression. Ribozymes and the like may therefore be deliv-
ered to the host cells by DNA encoding the ribozyme linked
to a eukaryotic promoter, such as a eukaryotic viral promoter,
such that upon introduction into the nucleus, the ribozyme
will be directly transcribed.

RNAi

The invention also provides for the introduction of RNA
with partial or fully double-stranded character into the cell or
into the extracellular environment. Inhibition is specific to the
OASI expression in that a nucleotide sequence from a portion
of'the target OAS1 gene is chosen to produce inhibitory RNA.
This process is (1) effective in producing inhibition of gene
expression, and (2) specific to the targeted OAS1 gene. The
procedure may provide partial or complete loss of function
for the target OAS1 gene. A reduction or loss of gene expres-
sion in at least 99% of targeted cells has been shown using
comparable techniques with other target genes. Lower doses
of injected material and longer times after administration of
dsRNA may result in inhibition in a smaller fraction of cells.
Quantitation of gene expression in a cell may show similar
amounts of inhibition at the level of accumulation of target
mRNA or translation of target protein. Methods of preparing
and using RNAi are generally disclosed in U.S. Pat. No.
6,506,559, incorporated herein by reference.

The RNA may comprise one or more strands of polymer-
ized ribonucleotide; it may include modifications to either the
phosphate-sugar backbone or the nucleoside. The double-
stranded structure may be formed by a single self-comple-
mentary RNA strand or two complementary RNA strands.
RNA duplex formation may be initiated either inside or out-
side the cell. The RNA may be introduced in an amount which
allows delivery of at least one copy per cell. Higher doses of
double-stranded material may yield more effective inhibition.
Inhibition is sequence-specific in that nucleotide sequences
corresponding to the duplex region of the RNA are targeted
for genetic inhibition. RNA containing a nucleotide sequence
identical to a portion of the OAS1 target gene is preferred for
inhibition. RNA sequences with insertions, deletions, and
single point mutations relative to the target sequence have
also been found to be effective for inhibition. Thus, sequence
identity may optimized by alignment algorithms known in the
art and calculating the percent difference between the nucle-
otide sequences. Alternatively, the duplex region of the RNA
may be defined functionally as a nucleotide sequence that is
capable of hybridizing with a portion of the target gene tran-
script.

RNA may be synthesized either in vivo or in vitro. Endog-
enous RNA polymerase of the cell may mediate transcription
in vivo, or cloned RNA polymerase can be used for transcrip-
tion in vivo or in vitro. For transcription from a transgene in
Vivo or an expression construct, a regulatory region may be
used to transcribe the RNA strand (or strands).

For RNAIi, the RNA may be directly introduced into the cell
(i.e., intracellularly), or introduced extracellularly into a cav-
ity, interstitial space, into the circulation of an organism,
introduced orally, or may be introduced by bathing an organ-
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ism in a solution containing RNA. Methods for oral introduc-
tion include direct mixing of RNA with food of the organism,
as well as engineered approaches in which a species that is
used as food is engineered to express an RNA, then fed to the
organism to be affected. Physical methods of introducing
nucleic acids include injection directly into the cell or extra-
cellular injection into the organism of an RNA solution.

The advantages of the method include the ease of introduc-
ing double-stranded RNA into cells, the low concentration of
RNA which can be used, the stability of double-stranded
RNA, and the effectiveness of the inhibition.

Inhibition of gene expression refers to the absence (or
observable decrease) in the level of protein and/or mRNA
product from a OASI1 target gene. Specificity refers to the
ability to inhibit the target gene without manifest effects on
other genes of the cell. The consequences of inhibition can be
confirmed by examination of the outward properties of the
cell or organism or by biochemical techniques such as RNA
solution hybridization, nuclease protection, Northern hybrid-
ization, reverse transcription, gene expression monitoring
with a microarray, antibody binding, enzyme linked immun-
osorbent assay (ELISA), Western blotting, radioimmunoas-
say (RIA), other immunoassays, and fluorescence activated
cell analysis (FACS). For RNA-mediated inhibition in a cell
line or whole organism, gene expression is conveniently
assayed by use of a reporter or drug resistance gene whose
protein product is easily assayed. Such reporter genes include
acetohydroxyacid synthase (AHAS), alkaline phosphatase
(AP), beta galactosidase (LacZ), beta glucoronidase (GUS),
chloramphenicol acetyltransferase (CAT), green fluorescent
protein (GFP), horseradish peroxidase (HRP), luciferase
(Luc), nopaline synthase (NOS), octopine synthase (OCS),
and derivatives thereof. Multiple selectable markers are avail-
able that confer resistance to ampicillin, bleomycin, chloram-
phenicol, gentamycin, hygromycin, kanamycin, lincomycin,
methotrexate, phosphinothricin, puromycin, and tetracyclin.

Depending on the assay, quantitation of the amount of gene
expression allows one to determine a degree of inhibition
which is greater than 10%, 33%, 50%, 90%, 95% or 99% as
compared to a cell not treated according to the present inven-
tion. Lower doses of injected material and longer times after
administration of dsSRNA may result in inhibition in a smaller
fraction of cells (e.g., at least 10%, 20%, 50%, 75%, 90%, or
95% of targeted cells). Quantitation of OAS1 gene expression
in a cell may show similar amounts of inhibition at the level of
accumulation of OAS1 target mRNA or translation of OAS1
target protein. As an example, the efficiency of inhibition may
be determined by assessing the amount of gene product in the
cell: mRNA may be detected with a hybridization probe hav-
ing a nucleotide sequence outside the region used for the
inhibitory double-stranded RNA, or translated polypeptide
may be detected with an antibody raised against the polypep-
tide sequence of that region.

The RNA may comprise one or more strands of polymer-
ized ribonucleotide. It may include modifications to either the
phosphate-sugar backbone or the nucleoside. For example,
the phosphodiester linkages of natural RNA may be modified
to include at least one of a nitrogen or sulfur heteroatom.
Modifications in RNA structure may be tailored to allow
specific genetic inhibition while avoiding a general panic
response in some organisms which is generated by dsRNA.
Likewise, bases may be modified to block the activity of
adenosine deaminase. RNA may be produced enzymatically
or by partial/total organic synthesis, any modified ribonucle-
otide can be introduced by in vitro enzymatic or organic
synthesis.
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The double-stranded structure may be formed by a single
self-complementary RNA strand or two complementary
RNA strands. RNA duplex formation may be initiated either
inside or outside the cell. The RNA may be introduced in an
amount which allows delivery of at least one copy per cell.
Higher doses (e.g., at least 5, 10, 100, 500 or 1000 copies per
cell) of double-stranded material may yield more effective
inhibition; lower doses may also be useful for specific appli-
cations. Inhibition is sequence-specific in that nucleotide
sequences corresponding to the duplex region of the RNA are
targeted for genetic inhibition.

RNA containing a nucleotide sequences identical to a por-
tion of the OAS1 target gene are preferred for inhibition. RNA
sequences with insertions, deletions, and single point muta-
tions relative to the target sequence may be effective for
inhibition. Thus, sequence identity may optimized by
sequence comparison and alignment algorithms known in the
art (see Gribskov and Devereux, Sequence Analysis Primer,
Stockton Press, 1991, and references cited therein) and cal-
culating the percent difference between the nucleotide
sequences by, for example, the Smith-Waterman algorithm as
implemented in the BESTFIT software program using default
parameters (e.g., University of Wisconsin Genetic Comput-
ing Group). Greater than 90% sequence identity, or even
100% sequence identity, between the inhibitory RNA and the
portion of the OAS1 target gene is preferred. Alternatively,
the duplex region of the RNA may be defined functionally as
a nucleotide sequence that is capable of hybridizing with a
portion of the OAS1 target gene transcript (e.g., 400 mM
NaCl, 40 mM PIPES pH 6.4, | mM EDTA, 50° C. or 70° C.
hybridization for 12-16 hours; followed by washing). The
length of the identical nucleotide sequences may be at least
25, 50, 100, 200, 300 or 400 bases.

100% sequence identity between the RNA and the OAS1
target gene is not required to practice the present invention.
Thus the methods have the advantage of being able to tolerate
sequence variations that might be expected due to genetic
mutation, strain polymorphism, or evolutionary divergence.

OAS1RNA may be synthesized either in vivo or in vitro.
Endogenous RNA polymerase of the cell may mediate tran-
scription in vivo, or cloned RNA polymerase can be used for
transcription in vivo or in vitro. For transcription from a
transgene in vivo or an expression construct, a regulatory
region (e.g., promoter, enhancer, silencer, splice donor and
acceptor, polyadenylation) may be used to transcribe the
RNA strand (or strands). Inhibition may be targeted by spe-
cific transcription in an organ, tissue, or cell type; stimulation
of an environmental condition (e.g., infection, stress, tem-
perature, chemical inducers); and/or engineering transcrip-
tion at a developmental stage or age. The RNA strands may or
may not be polyadenylated; the RNA strands may or may not
be capable of being translated into a polypeptide by a cell’s
translational apparatus. RNA may be chemically or enzy-
matically synthesized by manual or automated reactions. The
RNA may be synthesized by a cellular RNA polymerase or a
bacteriophage RNA polymerase (e.g., T3, T7, SP6). The use
and production of an expression construct are known in (see
WO 97/32016; U.S. Pat. Nos. 5,593,874, 5,698,425, 5,712,
135, 5,789,214, and 5,804,693; and the references cited
therein). If synthesized chemically or by in vitro enzymatic
synthesis, the RNA may be purified prior to introduction into
the cell. For example, RNA can be purified from a mixture by
extraction with a solvent or resin, precipitation, electrophore-
sis, chromatography, or a combination thereof. Alternatively,
the RNA may be used with no or a minimum of purification to
avoid losses due to sample processing. The RNA may be dried
for storage or dissolved in an aqueous solution. The solution
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may contain buffers or salts to promote annealing, and/or
stabilization of the duplex strands.

RNA may be directly introduced into the cell (i.e., intrac-
ellularly); or introduced extracellularly into a cavity, intersti-
tial space, into the circulation of an organism, introduced
orally, or may be introduced by bathing an organism in a
solution containing the RNA. Methods for oral introduction
include direct mixing of the RNA with food of the organism,
as well as engineered approaches in which a species that is
used as food is engineered to express the RNA, then fed to the
organism to be affected. For example, the RNA may be
sprayed onto a plant or a plant may be genetically engineered
to express the RNA in an amount sufficient to kill some or all
of a pathogen known to infect the plant. Physical methods of
introducing nucleic acids, for example, injection directly into
the cell or extracellular injection into the organism, may also
be used. Vascular or extravascular circulation, the blood or
lymph system, and the cerebrospinal fluid are sites where the
RNA may be introduced. A transgenic organism that
expresses RNA from a recombinant construct may be pro-
duced by introducing the construct into a zygote, an embry-
onic stem cell, or another multipotent cell derived from the
appropriate organism.

Physical methods of introducing nucleic acids include
injection of a solution containing the RNA, bombardment by
particles covered by the RNA, soaking the cell or organism in
a solution of the RNA, or electroporation of cell membranes
in the presence of the RNA. A viral construct packaged into a
viral particle would accomplish both efficient introduction of
an expression construct into the cell and transcription of RNA
encoded by the expression construct. Other methods known
in the art for introducing nucleic acids to cells may be used,
such as lipid-mediated carrier transport, chemical-mediated
transport, such as calcium phosphate, and the like. Thus the
RNA may be introduced along with components that perform
one or more of the following activities: enhance RNA uptake
by the cell, promote annealing of the duplex strands, stabilize
the annealed strands, or other-wise increase inhibition of the
target gene.

The present invention may be used alone or as a component
of a kit having at least one of the reagents necessary to carry
out the in vitro or in vivo introduction of RNA to test samples
or subjects. Preferred components are the dsRNA and a
vehicle that promotes introduction of the dsRNA. Such a kit
may also include instructions to allow a user of the kit to
practice the invention.

Suitable injection mixes are constructed so animals receive
an average of 0.5x10° to 1.0x10° molecules of RNA. For
comparisons of sense, antisense, and dsRNA activities, injec-
tions are compared with equal masses of RNA (i.e., dsRNA at
half the molar concentration of the single strands). Numbers
of molecules injected per adult are given as rough approxi-
mations based on concentration of RNA in the injected mate-
rial (estimated from ethidium bromide staining) and injection
volume (estimated from visible displacement at the site of
injection). A variability of several-fold in injection volume
between individual animals is possible.

Proteins and Polypeptides

In addition to the antisense molecules and ribozymes dis-
closed herein, OAS1 inhibitors of the present invention also
include proteins or polypeptides that are effective in either
reducing OAS1 gene expression or in decreasing one or more
of OAST’s biological activities, including but not limited to
enzymatic activity; interaction with single stranded RNA,
configurations; and binding to other proteins such as Hepati-
tis C virus NS5A or a fragment thereof. A variety of methods
are readily available in the art by which the skilled artisan
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may, through routine experimentation, rapidly identify such
OASI inhibitors. The present invention is not limited by the
following exemplary methodologies.

Literature is available to the skilled artisan that describes
methods for detecting and analyzing protein-protein interac-
tions. Reviewed in Phizicky et al., Microbiological Reviews
59:94-123, 1995, incorporated herein by reference. Such
methods include, but are not limited to physical methods such
as, e.g., protein affinity chromatography, affinity blotting,
immunoprecipitation and cross-linking as well as library-
based methods such as, e.g., protein probing, phage display
and two-hybrid screening. Other methods that may be
employed to identify protein-protein interactions include
genetic methods such as use of extragenic suppressors, syn-
thetic lethal effects and unlinked noncomplementation.
Exemplary methods are described in further detail below.

Inventive OAS1 inhibitors may be identified through bio-
logical screening assays that rely on the direct interaction
between the OAS1 protein and a panel or library of potential
inhibitor proteins. Biological screening methodologies,
including the various “n-hybrid technologies,” are described
in, for example, Vidal et al., Nucl. Acids Res. 27(4):919-29,
1999; Frederickson, R. M., Curr. Opin. Biotechnol. 9(1):90-
96, 1998; Brachmann et al., Curr. Opin. Biotechnol. 8(5):561-
68, 1997; and White, M. A., Proc. Natl. Acad. Sci. U.S.A.
93:10001-03, 1996, each of which is incorporated herein by
reference.

The two-hybrid screening methodology may be employed
to search new or existing target cDNA libraries for OAS1
binding proteins that have inhibitory properties. The two-
hybrid system is a genetic method that detects protein-protein
interactions by virtue of increases in transcription of reporter
genes. The system relies on the fact that site-specific tran-
scriptional activators have a DNA-binding domain and a tran-
scriptional activation domain. The DNA-binding domain tar-
gets the activation domain to the specific genes to be
expressed. Because of the modular nature of transcriptional
activators, the DNA-binding domain may be severed
covalently from the transcriptional activation domain without
loss of activity of either domain. Furthermore, these two
domains may be brought into juxtaposition by protein-protein
contacts between two proteins unrelated to the transcriptional
machinery. Thus, two hybrids are constructed to create a
functional system. The first hybrid, i.e., the bait, consists of a
transcriptional activator DNA-binding domain fused to a pro-
tein of interest. The second hybrid, the target, is created by the
fusion of a transcriptional activation domain with a library of
proteins or polypeptides. Interaction between the bait protein
and a member of the target library results in the juxtaposition
of'the DNA-binding domain and the transcriptional activation
domain and the consequent up-regulation of reporter gene
expression.

A variety of two-hybrid based systems are available to the
skilled artisan that most commonly employ either the yeast
Gald or E. coli LexA DNA-binding domain (BD) and the
yeast Gal4 or herpes simplex virus VP16 transcriptional acti-
vation domain. Chien et al., Proc. Natl. Acad. Sci. U.S.A.
88:9578-82, 1991; Dalton et al., Cell 68:597-612, 1992; Dur-
fee et al., Genes Dev. 7:555-69, 1993; Vojtek et al., Cell
74:205-14, 1993; and Zervos et al., Cell 72:223-32, 1993.
Commonly used reporter genes include the E. coli lacZ gene
as well as selectable yeast genes such as HIS3 and LEU2.
Fields et al., Nature (London) 340:245-46, 1989; Durfee, T.
K., supra; and Zervos, A. S., supra. A wide variety of activa-
tion domain libraries is readily available in the art such that
the screening for interacting proteins may be performed
through routine experimentation.
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Suitable bait proteins for the identification of OAS1 inter-
acting proteins may be designed based on the OAS1 DNA
sequence presented herein as SEQ ID NO:19. Such bait pro-
teins include either the full-length OAS1 protein or fragments
thereof.

Plasmid vectors, such as, e.g., pPBTM116 and pAS2-1, for
preparing OAS1 bait constructs and target libraries are
readily available to the artisan and may be obtained from such
commercial sources as, e.g., Clontech (Palo Alto, Calif.),
Invitrogen (Carlsbad, Calif.) and Stratagene (La Jolla, Calif.).
These plasmid vectors permit the in-frame fusion of cDNAs
with the DNA-binding domains as LexA or Gal4BD, respec-
tively.

OASI inhibitors of the present invention may alternatively
be identified through one of the physical or biochemical
methods available in the art for detecting protein-protein
interactions.

Through the protein affinity chromatography methodol-
ogy, lead compounds to be tested as potential OAS1 inhibitors
may be identified by virtue of their specific retention to OAS1
when either covalently or non-covalently coupled to a solid
matrix such as, e.g., Sepharose beads. The preparation of
protein affinity columns is described in, for example, Beeck-
mans et al., Eur. J. Biochem. 117:527-35, 1981, and Formosa
et al., Methods Enzymol. 208:24-45, 1991. Cell lysates con-
taining the full complement of cellular proteins may be
passed through the OAS1 affinity column. Proteins having a
high affinity for OAS1 will be specifically retained under
low-salt conditions while the majority of cellular proteins will
pass through the column. Such high affinity proteins may be
eluted from the immobilized OAS1 under conditions of high-
salt, with chaotropic solvents or with sodium dodecyl sulfate
(SDS). In some embodiments, it may be preferred to radiola-
bel the cells prior to preparing the lysate as an aid in identi-
fying the OASI1 specific binding proteins. Methods for radio-
labeling mammalian cells are well known in the art and are
provided, e.g., in Sopta et al., J. Biol. Chem. 260:10353-60,
1985.

Suitable OASI1 proteins for affinity chromatography may
be fused to a protein or polypeptide to permit rapid purifica-
tion on an appropriate affinity resin. For example, the OAS1
cDNA may be fused to the coding region for glutathione
S-transferase (GST) which facilitates the adsorption of fusion
proteins to glutathione-agarose columns. Smith et al., Genre
67:31-40, 1988. Alternatively, fusion proteins may include
protein A, which can be purified on columns bearing immu-
noglobulin G; oligohistidine-containing peptides, which can
be purified on columns bearing Ni**; the maltose-binding
protein, which can be purified on resins containing amylose;
and dihydrofolate reductase, which can be purified on meth-
otrexate columns. One exemplary tag suitable for the prepa-
ration of OAS1 fusion proteins that is presented herein is the
epitope for the influenza virus hemagglutinin (HA) against
which monoclonal antibodies are readily available and from
which antibodies an affinity column may be prepared.

Proteins that are specifically retained on a OAS1 affinity
column may be identified after subjecting to SDS polyacry-
lamide gel electrophoresis (SDS-PAGE). Thus, where cells
are radiolabeled prior to the preparation of cell lysates and
passage through the OAS1 affinity column, proteins having
high affinity for OAS1 may be detected by autoradiography.
The identity of OAS1 specific binding proteins may be deter-
mined by protein sequencing techniques that are readily
available to the skilled artisan, such as Mathews, C. K. et al.,
Biochemistry, The Benjamin/Cummings Publishing Com-
pany, Inc., 1990, pp.166-70.
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Small Molecules

The present invention also provides small molecule OAS1
inhibitors that may be readily identified through routine
application of high-throughput screening (HTS) methodolo-
gies. Reviewed by Persidis, A., Nature Biotechnology
16:488-89, 1998. HTS methods generally refer to those tech-
nologies that permit the rapid assaying of lead compounds,
such as small molecules, for therapeutic potential. HT'S meth-
odology employs robotic handling of test materials, detection
of positive signals and interpretation of data. Such method-
ologies include, e.g., robotic screening technology using
soluble molecules as well as cell-based systems such as the
two-hybrid system described in detail above.

A variety of cell line-based HTS methods are available that
benefit from their ease of manipulation and clinical relevance
of interactions that occur within a cellular context as opposed
to in solution. LLead compounds may be identified via incor-
poration of radioactivity or through optical assays that rely on
absorbance, fluorescence or luminescence as read-outs. See,
e.g., Gonzalez et al., Curr. Opin. Biotechnol. 9(6):624-31,
1998, incorporated herein by reference.

HTS methodology may be employed, e.g., to screen for
lead compounds that block one of. OAS1’s biological activi-
ties. By this method, OAS1 protein may be immunoprecipi-
tated from cells expressing the protein and applied to wells on
an assay plate suitable for robotic screening. Individual test
compounds may then be contacted with the immunoprecipi-
tated protein and the effect of each test compound on OASI.
Methods for Assessing the Efficacy of OAS1 Inhibitors

Lead molecules or compounds, whether antisense mol-
ecules or ribozymes, proteins and/or peptides, antibodies and/
or antibody fragments or small molecules, that are identified
either by one of the methods described herein or via tech-
niques that are otherwise available in the art, may be further
characterized in a variety of in vitro, ex vivo and in vivo
animal model assay systems for their ability to inhibit OAS1
gene expression or biological activity. As discussed in further
detail in the Examples provided below, OAS1 inhibitors of
the present invention are effective in reducing OAS1 expres-
sion levels. Thus, the present invention further discloses
methods that permit the skilled artisan to assess the effect of
candidate inhibitors.

Candidate OAS1 inhibitors may be tested by administra-
tion to cells that either express endogenous OAS1 or that are
made to express OAS1 by transfection of a mammalian cell
with a recombinant OAS1 plasmid construct.

Effective OAS1 inhibitory molecules will be effective in
reducing the enzymatic activity of OAS1 or ability of OAS1
to respond to IFN induction. Methods of measuring OAS1
enzymatic activity and IFN induction are known in the art, for
example, as described in Eskildsen et al., Nuc. Acids Res.
31:3166-3173, 2003; and Justesen et al., Nuc. Acids Res.
8:3073-3085, 1980, incorporated herein by reference. The
effectiveness of a given candidate antisense molecule may be
assessed by comparison with a control “antisense” molecule
known to have no substantial effect on OAS1 expression
when administered to a mammalian cell.

OASI1 inhibitors effective in reducing OAS1 gene expres-
sion by one or more of the methods discussed above may be
further characterized in vitro for efficacy in one of the readily
available established cell culture or primary cell culture
model systems as described herein, in reference to use of Vero
cells challenged by infection with a flavivirus, such as dengue
virus.

Pharmaceutical Compositions

The antisense oligonucleotides and ribozymes of the

present invention can be synthesized by any method known in
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the art for ribonucleic or deoxyribonucleic nucleotides. For
example, the oligonucleotides can be prepared using solid-
phase synthesis such as in an Applied Biosystems 380B DNA
synthesizer. Final purity of the oligonucleotides is deter-
mined as is known in the art.

The antisense oligonucleotides identified using the meth-
ods of the invention modulate tumor cell proliferation. There-
fore, pharmaceutical compositions and methods are provided
for interfering with virus infection, preferably flavivirus,
most preferably HCV infection, comprising contacting tis-
sues or cells with one or more of antisense oligonucleotides
identified using the methods of the invention.

The invention provides pharmaceutical compositions of
antisense oligonucleotides and ribozymes complementary to
the OAS1 mRNA gene sequence as active ingredients for
therapeutic application. These compositions can also be used
in the method of the present invention. When required, the
compounds are nuclease resistant. In general the pharmaceu-
tical composition for inhibiting virus infection in a mammal
includes an effective amount of at least one antisense oligo-
nucleotide as described above needed for the practice of the
invention, or a fragment thereof shown to have the same
effect, and a pharmaceutically physiologically acceptable
carrier or diluent.

The compositions can be administered orally, subcutane-
ously, or parenterally including intravenous, intraarterial,
intramuscular, intraperitoneally, and intranasal administra-
tion, as well as intrathecal and infusion techniques as
required. The pharmaceutically acceptable carriers, diluents,
adjuvants and vehicles as well as implant carriers generally
refer to inert, non-toxic solid or liquid fillers, diluents or
encapsulating material not reacting with the active ingredi-
ents of the invention. Cationic lipids may also be included in
the composition to facilitate oligonucleotide uptake. Implants
of'the compounds are also useful. In general, the pharmaceu-
tical compositions are sterile.

By bioactive (expressible) is meant that the oligonucle-
otide is biologically active in the cell when delivered directly
to the cell and/or is expressed by an appropriate promotor and
active when delivered to the cell in a vector as described
below. Nuclease resistance is provided by any method known
in the art that does not substantially interfere with biological
activity as described herein.

“Contacting the cell” refers to methods of exposing or
delivering to a cell antisense oligonucleotides whether
directly or by viral or non-viral vectors and where the anti-
sense oligonucleotide is bioactive upon delivery.

The nucleotide sequences of the present invention can be
delivered either directly or with viral or non-viral vectors.
When delivered directly the sequences are generally rendered
nuclease resistant. Alternatively, the sequences can be incor-
porated into expression cassettes or constructs such that the
sequence is expressed in the cell. Generally, the construct
contains the proper regulatory sequence or promotor to allow
the sequence to be expressed in the targeted cell.

Once the oligonucleotide sequences are ready for delivery
they can be introduced into cells as is known in the art.
Transfection, electroporation, fusion, liposomes, colloidal
polymeric particles, and viral vectors as well as other means
known in the art may be used to deliver the oligonucleotide
sequences to the cell. The method selected will depend at least
on the cells to be treated and the location of the cells and will
be known to those skilled in the art. Localization can be
achieved by liposomes, having specific markers on the sur-
face for directing the liposome, by having injection directly
into the tissue containing the target cells, by having depot
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associated in spatial proximity with the target cells, specific
receptor mediated uptake, viral vectors, or the like.

The present invention provides vectors comprising an
expression control sequence operatively linked to the oligo-
nucleotide sequences of the invention. The present invention
further provides host cells, selected from suitable eukaryotic
and prokaryotic cells, which are transformed with these vec-
tors as necessary.

Vectors are known or can be constructed by those skilled in
the art and should contain all expression elements necessary
to achieve the desired transcription of the sequences. Other
beneficial characteristics can also be contained within the
vectors such as mechanisms for recovery of the oligonucle-
otides in a different form. Phagemids are a specific example
of such beneficial vectors because they can be used either as
plasmids or as bacteriophage vectors. Examples of other vec-
tors include viruses such as bacteriophages, baculoviruses
and retroviruses, DNA viruses, liposomes and other recom-
bination vectors. The vectors can also contain elements for
use in either procaryotic or eucaryotic host systems. One of
ordinary skill in the art will know which host systems are
compatible with a particular vector.

The vectors can be introduced into cells or tissues by any
one of a variety of known methods within the art. Such meth-
ods can be found generally described in Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Cold Springs
Harbor Laboratory, New York, 1989, 1992; in Ausubel et al.,
Current Protocols in Molecular Biology, John Wiley and
Sons, Baltimore, Md., 1989; Chang et al., Somatic Gene
Therapy, CRC Press, Ann Arbor, Mich., 1995; Vega et al.,
Gene Targeting, CRC Press, Ann Arbor, Mich., 1995; Vec-
tors: A Survey of Molecular Cloning Vectors and Their Uses,
Butterworths, Boston, Mass., 1988; and Gilboa et al., Bio-
Techniques 4:504-12, 1986, and include, for example, stable
or transient transfection, lipofection, electroporation and
infection with recombinant viral vectors.

Recombinant methods known in the art can also be used to
achieve the antisense inhibition of a target nucleic acid. For
example, vectors containing antisense nucleic acids can be
employed to express an antisense message to reduce the
expression of the target nucleic acid and therefore its activity.

The present invention also provides a method of evaluating
if a compound inhibits transcription or translation of an OAS1
gene and thereby modulates (i.e., reduces) the ability of the
cell to activate RNasel, comprising transfecting a cell with an
expression vector comprising a nucleic acid sequence encod-
ing OASI, the necessary elements for the transcription or
translation of the nucleic acid; administering a test com-
pound; and comparing the level of expression of the OAS1
with the level obtained with a control in the absence of the test
compound.

Preferred Embodiments

Utilizing methods described above and others known in the
art, the present invention contemplates a screening method
comprising treating, under amplification conditions, a sample
of'genomic DNA, isolated from a human, with a PCR primer
pair for amplifying a region of human genomic DNA con-
taining any of nucleotide (nt) positions 2135728, 2135749,
2135978, 2144072, 2144088, 2144116, 2144321, 2131025,
2133961, 2139587, 2144294, 2144985, 2156523, 2156595,
or 2156638 of oligoadenylate synthetase (OAS1, SEQ ID
NO:19). Amplification conditions include, in an amount
effective for DNA synthesis, the presence of PCR buffer and
a thermocycling temperature. The PCR product thus pro-
duced is assayed for the presence of a point mutation at the
relevant nucleotide position. In one embodiment, the PCR
product contains a continuous nucleotide sequence compris-
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ing about 358 base pairs (bp) written from 5' to 3' direction
and including position 2135728 (mutation 1), 2135749 (mu-
tation 2), 2135978 (mutation 3), 2144072 (mutation 4),
2144088 (mutation 5), 2144116 (mutation 6), or 2144321
(mutation 7) and the approximately 175 bases flanking the
position at each side. In another embodiment, the amplicons
as described above in Tables 1 and 2 are exemplary of the PCR
products and corresponding primers.

In one preferred embodiment, the PCR product is assayed
for the corresponding mutation by treating the amplification
product, under hybridization conditions, with an oligonucle-
otide probe specific for the corresponding mutation, and
detecting the formation of any hybridization product. Pre-
ferred oligonucleotide probes comprise a nucleotide
sequence indicated in Table 3 below. Oligonucleotide hybrid-
ization to target nucleic acid is described in U.S. Pat. No.
4,530,901.

TABLE 3

Mutation

SEQ ID NO Probe sequence

SEQ ID NO: 1 GTAGATTTTGCCYGAACAGGTCAGT

(SEQ ID NO: 12)

SEQ ID NO: 2 CAGTTGACTGGCRGCTATARACCTA
(SEQ ID NO: 13)

SEQ ID NO: 3 CAGAGGAGGGGTRGGGGGAGGAGA
(SEQ ID NO: 14)

SEQ ID NO: 4 TCTCACCCTTTCARGCTGAAAGCAAC
(SEQ ID NO: 15)

SEQ ID NO: 5 GAAAGCAACAGTRCAGACGATGAGA
(SEQ ID NO: 16)

SEQ ID NO: 6 ACGATCCCAGGASGTATCAGAAATAT
(SEQ ID NO: 17)

SEQ ID NO: 7 TTGATCCAGAGARGACARAGCTCCTC

(SEQ ID NO: 18)

Wherein R = A/G, S = C/G, and Y = C/T.

The PCR admixture thus formed is subjected to a plurality
of PCR thermocycles to produce OAS1 and OASIR gene
amplification products. The amplification products are then
treated, under hybridization conditions, with an oligonucle-
otide probe specific for each mutation. Any hybridization
products are then detected.

The following examples are intended to illustrate but are
not to be construed as limiting of the specification and claims
in any way.

EXAMPLES
Example 1

Preparation and Preliminary Screening of Genomic
DNA

This example relates to screening of DNA from two spe-
cific populations of patients, but is equally applicable to other
patient groups in which repeated exposure to HCV is docu-
mented, wherein the exposure does not result in infection.
The example also relates to screening patients who have been
exposed to other flaviviruses as discussed above, wherein the
exposure did not result in infection.

Here, two populations are studied: (1) a hemophiliac popu-
lation, chosen with the criteria of moderate to severe hemo-
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philia, and receipt of concentrated clotting factor before Janu-
ary, 1987; and (2) an intravenous drug user population, with a
history of injection for over 10 years, and evidence of other
risk behaviors such as sharing needles. The study involves
exposed but HCV negative patients, and exposed and HCV
positive patients.

High molecular weight DNA is extracted from the white
blood cells from IV drug users, hemophiliac patients, and
other populations at risk of hepatitis C infection, or infection
by other flaviviruses. For the initial screening of genomic
DNA, blood is collected after informed consent from the
patients of the groups described above and anticoagulated
with a mixture of 0.14M citric acid, 0.2M trisodium citrate,
and 0.22M dextrose. The anticoagulated blood is centrifuged
at 800xg for 15 minutes at room temperature and the platelet-
rich plasma supernatant is discarded. The pelleted erythro-
cytes, mononuclear and polynuclear cells are resuspended
and diluted with a volume equal to the starting blood volume
with chilled 0.14M phosphate butfered saline (PBS), pH 7.4.
The peripheral blood white blood cells are recovered from the
diluted cell suspension by centrifugation on low endotoxin
Ficoll-Hypaque (Sigma Chem. Corp. St. Louis, Mo.) at
400xg for 10 minutes at 18° C. (18° C.). The pelleted white
blood cells are then resuspended and used for the source of
high molecular weight DNA.

The high molecular weight DNA is purified from the iso-
lated white blood cells using methods well known to one
skilled in the art and described by Maniatis, et al., Molecular
Cloning: A Laboratory Manual, 2nd ed. Cold Spring Harbor
Laboratory, Sections 9.16-9.23, (1989) and U.S. Pat. No.
4,683,195.

Each sample of DNA is then examined for a point mutation
of any one of the nucleotides at position 2135728, 2135749,
2135978, 2144072, 2144088, 2144116, 2144321, 2131025,
2133961, 2139587, 2144294, 2144985, 2156523, 2156595,
or 2156638 with reference to the nucleotides positions of
Genbank Accession No. NT__009775.13, corresponding to
the oligoadenylate synthetase 1 gene (OASI).

Example 2

Mutations in OAS1 Gene Associated with Resistance
to HCV Infection

Using methods described in Example 1, a population of
unrelated hemophiliac patients and intravenous drug users
was studied, and the presence or absence of a mutation in
OASI as disclosed in SEQ ID NO:1-SEQ ID NO:7 and SEQ
1D NO:57-64 was determined.

In a study of 20 cases and 42 controls in a Caucasian
population, these mutations were found in the context of
resistance to hepatitis C infection. There was a statistically
significant correlation between resistance to HCV infection
and presence of a point mutation in OASI1.

Example 3
Preparation and Sequencing of CDNA

Total cellular RNA is purified from cultured lymphoblasts
or fibroblasts from the patients having the hepatitis C resis-
tance phenotype. The purification procedure is performed as
described by Chomczynski, et al., Anal. Biochem., 162:156-
159 (1987). Briefly, the cells are prepared as described in
Example 1. The cells are then homogenized in 10 milliliters
(ml) of a denaturing solution containing 4.0M guanidine thio-
cyanate, 0.1M Tris-HCl at pH 7.5, and 0.1M beta-mercapto-
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ethanol to form a cell lysate. Sodium lauryl sarcosinate is then
admixed to a final concentration of 0.5% to the cell lysate
after which the admixture was centrifuged at 5000xg for 10
minutes at room temperature. The resultant supernatant con-
taining the total RNA is layered onto a cushion of 5.7M
cesium chloride and 0.01M EDTA at pH 7.5 and is pelleted by
centrifugation. The resultant RNA pellet is dissolved in a
solution of 10 mM Tris-HCl at pH 7.6 and 1 mM EDTA (TE)
containing 0.1% sodium docecyl sulfate (SDS). After phe-
nolchloroform extraction and ethanol precipitation, the puri-
fied total cellular RNA concentration is estimated by measur-
ing the optical density at 260 nm.

Total RNA prepared above is used as a template for cDNA
synthesis using reverse transcriptase for first strand synthesis
and PCR with oligonucleotide primers designed so as to
amplify the cDNA in two overlapping fragments designated
the 5' and the 3' fragment. The oligonucleotides used in prac-
ticing this invention are synthesized on an Applied Biosys-
tems 381 A DNA Synthesizer following the manufacturer’s
instructions. PCR is conducted using methods known in the
art. PCR amplification methods are described in detail in U.S.
Pat. Nos. 4,683,192, 4,683,202, 4,800,159, and 4,965,188,
and at least in several texts including PCR Technology: Prin-
ciples and Applications for DNA Amplification, H. Erlich,
ed., Stockton Press, New York (1989); and PCR Protocols: A
Guide to Methods and Applications, Innis, et al., eds., Aca-
demic Press, San Diego, Calif. (1990) and primers as
described in Table 1 herein.

The sequences determined directly from the PCR-ampli-
fied DNAs from the patients with and without HCV infection,
are analyzed. The presence of a mutation upstream from the
coding region of the OAS gene can be detected in patients
who are seronegative for HCV despite repeated exposures to
the virus.

Example 4

Preparation of PCR Amplified Genomic DNA
Containing a Point Mutation and Detection by Allele
Specific Oligonucleotide Hybridization

The point mutation in an oligoadenylate synthetase
(OAS1) gene at one of nucleotide positions 2135728,
2135749, 2135978, 2144072, 2144088, 2144116, 2144321,
2131025, 2133961, 2139587, 2144294, 2144985, 2156523,
2156595, or 2156638 can be determined by an approach in
which PCR amplified genomic DNA containing the mutation
is detected by hybridization with oligonucleotide probes that
hybridized to that region. To amplify the region having the
point mutation for hybridization with oligonucleotide spe-
cific probes, PCR amplifications are performed as essentially
described in Example 3 with, for example, 180 ng of each of
the primers shown in Table 1.

Following the PCR amplification, 2 pl of the amplified
oligoadenylate synthetase DNA products are spotted onto
separate sheets of nitrocellulose. After the spotted amplified
DNA has dried, the nitrocellulose is treated with 0.5N NaOH
for 2 minutes, 1M Tris-HCl at pH 7.5 for 2 minutes, followed
by 0.5M Tris-HC1 at pH 7.5 containing 1.5M NaCl for 2
minutes to denature and then neutralize the DNA. The result-
ant filters are baked under a vacuum for 1 hour at 80° C., are
prehybridized for at least 20 minutes at 42° C. with a prehy-
bridization solution consisting of 6xSSC (1x=0.15M NacCl,
0.15M sodium citrate), 5x Denhardt’s solution (5x=0.1%
polyvinylpyrrolidone, 0.1% ficoll, and 0.1% bovine serum
albumin), 5 mM sodium phosphate buffer at pH 7.0, 0.5
mg/ml salmon testis DNA and 1% SDS.
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After the prehybridization step, the nitrocellulose filters
are separately exposed to **P-labeled oligonucleotide probes
diluted in prehybridization buffer. Labeling of the probes
with **P is performed by admixing 2.5 ul of 10x concentrate
of kinase buffer (10x=0.5M Tris[hydroxymethyl] ami-
nomethane hydrochloride (Tris-HCI) at pH 7.6,0.1M MgCl,,
50 mM dithiothreitol (DTT), 1 mM spermidine-HCI, and 1
mM ethylenediaminetetraacetic acid (EDTA)), 1.1 ul of 60
ng/ul of a selected oligonucleotide, 18.4 pl water, 2 pl of 6000
Ci/mM of gamma **P ATP at a concentration of 150 mCi/ul,
and 1 pl of 10 U/ul polynucleotide kinase. The labeling
admixture is maintained for 20 minutes at 37° C. followed by
2 minutes at 68° C. The maintained admixture is then applied
to a Sephadex G50 (Pharmacia, Inc., Piscataway, N.J.) spin
column to remove unincorporated >*P-labeled ATP.

The oligonucleotide probes used to hybridize to the region
containing the mutation are shown in Table 3 above. The
underlined nucleotide corresponds to the mutation nucle-
otide. In probes for detecting wild type (normal), the under-
lined nucleotide is replaced with the wild-type nucleotide.

Tenx10° cpm of the normal and mutant labeled probes are
separately admixed with each filter. The nitrocellulose filters
are then maintained overnight at 42° C. to allow for the
formation of hybridization products. The nitrocellulose filters
exposed to the normal probe are washed with 6xSSC contain-
ing 0.1% SDS at 46° C. whereas the filters exposed to the
mutant probe are washed with the same solution at a more
stringent temperature of 52° C. The nitrocellulose filters are
then dried and subjected to radioautography.

Only those products having the point mutation hybridize
with the mutant probe. Positive and negative controls are
included in each assay to determine whether the PCR ampli-
fication is successful. Thus, the patients’ genomic DNA pre-
pared in Example 1 are determined by this approach to have
the unique point mutation of a non-wild type nucleotide sub-
stituted for a wild type nucleotide at the indicated position.

Example 5
Antisense Inhibition of Target RNA

A. Preparation of Oligonucleotides for Transfection

A carrier molecule, comprising either a lipitoid or choles-
teroid, is prepared for transfection by diluting to 0.5 mM in
water, followed by sonication to produce a uniform solution,
and filtration through a 0.45 um PVDF membrane. The lipi-
toid or cholesteroid is then diluted into an appropriate volume
of OptiMEM™ (Gibco/BRL) such that the final concentra-
tion would be approximately 1.5-2 nmol lipitoid per pg oli-
gonucleotide.

Antisense and control oligonucleotides are prepared by
first diluting to a working concentration of 100 uM in sterile
Millipore water, then diluting to 2 uM (approximately 20
mg/mL) in OptiMEM™. The diluted oligonucleotides are
then immediately added to the diluted lipitoid and mixed by
pipetting up and down.

B. Transfection

Human PHSCHS hepatocytes, which are susceptible to
HCYV infection and supportive of HCV replication, are used
(Dansako et al., Virus Res. 97:17-30, 2003; Ikeda et al., Virus
Res. 56:157-167, 1998; Noguchi and Hirohashi, In Vitro Cell
Dev. Biol Anim. 32:135-137,1996.) The cells are transfected
by adding the oligonucleotide/lipitoid mixture, immediately
after mixing, to a final concentration of 300 nM oligonucle-
otide. The cells are then incubated with the transfection mix-
ture overnight at 37° C., 5% CO, and the transfection mixture
remains on the cells for 3-4 days.
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C. Total RNA Extraction and Reverse Transcription

Total RNA is extracted from the transfected cells using the
RNeasy™ kit (Qiagen Corporation, Chatsworth, Calif.), fol-
lowing protocols provided by the manufacturer. Following
extraction, the RNA is reverse-transcribed for use as a PCR
template. Generally 0.2-1 pg of total extracted RNA is placed
into a sterile microfuge tube, and water is added to bring the
total volume to 3 pl.. 7 pulL of a buffer/enzyme mixture is
added to each tube. The buffer/enzyme mixture is prepared by
mixing, in the order listed:

4 ul 25 mM MgCl,

2 ulL 10x reaction buffer

8 uL 2.5 mM dNTPs

1 L MulLV reverse transcriptase (50 u) (Applied Biosys-

tems)

1 ulL RNase inhibitor (20 u)

1 pL oligo dT (50 pmol)

The contents of the microfuge tube are mixed by pipetting
up and down, and the reaction is incubated for 1 hourat42° C.
D. PCR Amplification and Quantification of Target
Sequences

Following reverse transcription, target genes are amplified
using the Roche Light Cycler™ real-time PCR machine. 20
ul aliquots of PCR amplification mixture are prepared by
mixing the following components in the order listed: 2 ul, 10x
PCR buffer II (containing 10 mM Tris pH 8.3 and 50 mM
KCl, Perkin-Elmer, Norwalk, Conn.) 3 mM MgCl,, 140 uM
each dNTP, 0.175 pmol of each OAS1 oligo, 1:50,000 dilu-
tion of SYBR® Green, 0.25 mg/ml. BSA, 1 unit Taq poly-
merase, and H,O to 20 ul.. SYBR® Green (Molecular
Probes, Eugene, Oreg.) is a dye that fluoresces when bound to
double-stranded DNA, allowing the amount of PCR product
produced in each reaction to be measured directly. 2 pl. of
completed reverse transcription reaction is added to each 20
uL aliquot of PCR amplification mixture, and amplification is
carried out according to standard protocols.

Example 6

Treatment of Cells with OAS1 RNAi

Using the methods of Example 5, for antisense treatment,
cells are treated with an oligonucleotide based on the OAS1
sequence (SEQ ID NO:19). Two complementary ribonucle-
otide monomers with deoxy-TT extensions at the 3' end are
synthesized and annealed. Cells of the PH3CHS hepatocyte
cell line are treated with 50-200 nM RNAi with 1:3 L2 lipi-
toid. Cells are harvested on day 1, 2, 3 and 4, and analyzed for
OASI1 protein by Western analysis, as described by Dansako
et al., Virus Res. 97:17-30, 2003.

Example 7

OASI1 Interaction with Hepatitis C Virus NSSA
Protein

The ability of an OAS1 protein or polypeptide of the inven-
tion to interact with hepatitis C virus NS5 A protein is assayed
using a method described in Taguchi, T. et al., J. Gen. Virol.
85:959-969, 2004. Polynucleotides encoding OAS] proteins
and polypeptides are prepared as described above, and plas-
mids are constructed using routine methods, such as
described in Taguchi, T. et al One plasmid contains a poly-
nucleotide encoding an OAS]1 protein or polypeptide, and a
second plasmid contains polynucleotide encoding NS5A.
The plasmids also encode appropriate tags for the respective
proteins, such as FLAG-tag, HA, or GST. Suitable cells, such
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as Hela cells, are transiently transfected with a plasmid
encoding a tag and NS5A protein, and a plasmid encoding a
different tag and an OAS1 protein or polypeptide. After incu-
bation and preparation of supernatant as described (Taguchi,
T. etal.), a variety of analytic techniques can be used to detect
and quantify the binding of NS5A with the OAS1 protein or
polypeptide. Such techniques are known in the art and include
co-precipitation analysis, immunofluorescence analysis, and
immunoblot analysis. OAS1 proteins and polynucleotides
that do not exhibit binding to NS5A are appropriate for fur-
ther analysis as inhibitors of hepatitis C infection.

Example 8

Chemically and Sterically Conserved Regions of
0OASI1

As one skilled in the art will recognize, when modifying
the structure of OAS1 to improve enzymatic activity or thera-
peutic potential, certain residues or regions of residues must
be chemically and structurally conserved. By example, sev-
eral conserved domains are described below. As one skilled in
the art will recognize, chemically conservative changes to
some amino acids that preserve the structure and function of
the protein may be tolerated. For example, Asp75 and Asp77
both coordinate catalytic divalent metal ions that are essential
to OAS] function. While modifications to these bases may be
tolerated (e.g. to asparagine or glutamic acid), the essentially
polar and acid nature of these residues must be preserved.

As examples, with regard to SEQ ID NO: 26-29, SEQ ID
NO:33, SEQ ID NO:34, and SEQ ID NO:50, the following
polypeptide fragments represent conserved domains:

Amino Acids 40-47:

FLKERCFR (SEQ ID NO: 75)
Amino acids 55-82:

VSKVVKGGSSGKGTTLRGRSDADLVVFL (SEQ ID NO: 76)
Amino Acids 94-112:

RRGEFIQEIRRQLEACQRE (SEQ ID NO: 77)
Amino Acids 128-138:

NPRALSFVLSS (SEQ ID NO: 78)
Amino Acids 145-158:

VEFDVLPAFDALGQ (SEQ ID NO: 79)
Amino Acids 182-198:

KEGEFSTCFTELQRDFL (SEQ ID NO: 80)
Amino Acids 201-217:

RPTKLKSLIRLVKHWYQ (SEQ ID NO: 81)
Amino Acids 225-241:

KLPPQYALELLTVYAWE (SEQ ID NO: 82)
Amino Acids 296-307:

PVILDPADPTGN (SEQ ID NO: 83)
Amino Acids 337-343:

GSPVSSW (SEQ ID NO: 84)

Example 9

Amino Acids Changes that Improve Enzyme Active
Site

Changes in OAS amino acids sequences can be envisioned
that improve the enzymatic activity of the protein. In one
preferred embodiment, amino acids within the active site of
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the enzyme can be modified to improve ATP or metal ion
binding, enzyme efficiency, and enzyme processivity. An
example of such an alteration would be the substitution of a
tyrosine for a glycine at amino acid position 61 of SEQ ID
NO:26, SEQ ID NO:27, SEQ ID NO:33, SEQ ID NO:34,
SEQID NO:35, or SEQ ID NO:48. Substitution of the chemi-
cally innocuous glycine for the polar tyrosine should facili-
tate hydrogen bonding between the N3 atom of ATP and this
amino acid position, thereby improving the dissociation con-
stant and energetics of this interaction. A tyrosine is found at
this position in, for example, the more processive poly-A
polymerase. As one skilled in the art will recognize, other
modifications can be envisioned.

Example 10

Amino Acid Changes that Improve Double-Stranded
RNA Binding

A second example of amino acid modifications to OAS that
improve enzymatic activity would be those that stabilize the
interaction between this protein and double-stranded viral
RNA. The table below lists those amino acids in the RNA
binding groove of the protein and several proposed changes
designed to stabilize the interaction between the basic, posi-
tively charged amino acid side chains and the negatively
charged ribonucleic acid. Changes are envisioned that
increase the positive charge density in the RNA binding
groove of the protein. As one skilled in the art will recognize,
similar types of modifications to the RNA binding groove can
be envisioned.

TABLE 4

Proposed changes to amino acids in RNA binding groove
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TABLE 4-continued

Proposed changes to amino acids in RNA binding groove

Amino Acid Position Proposed Modification
Arginine 195 Lysine
Lysine 199 Arginine
Lysine 204 Arginine
Example 11

Analysis of Genetic Mutations

Those skilled in the art will recognize that numerous other
analytical methods exist for assessing the evolutionary
importance of particular mutations in a genetic analysis. One
example is the well-known calculation of a linkage disequi-
librium estimate, commonly referred to as D' (Lewontin,
Genetics 49:49-67, 1964). Other particularly relevant meth-
ods attempt to estimate selective pressures and/or recent evo-
Iutionary events within a genetic locus (for example, selective
sweeps) by comparing the relative abundance of high-, mod-
erate-, or low-frequency mutations in the locus. Most familiar
of these tests is the Tajima D statistic (Tajima, Genetics 123:
585-595, 1989). Fu and Li, Genetics 133:693-709 (1993)
have also developed a variant to the Tajima and other statistics
that also makes use of knowledge regarding the ancestral
allele for each mutation. These and other methods are applied
to the mutations of the present invention to assess relative
contribution to the observed effects.

The foregoing specification, including the specific
embodiments and examples, is intended to be illustrative of
the present invention and is not to be taken as limiting.
Numerous other variations and modifications can be effected
without departing from the true spirit and scope of the inven-
tion. All patents, patent publications, and non-patent publica-
tions cited are incorporated by reference herein.

Amino Acid Position Proposed Modification
Glycine 39 Arginine or Lysine
Lysine 42 Arginine
Lysine 60 Arginine
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 94
<210> SEQ ID NO 1
<211> LENGTH: 121
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Amplicon A

<400> SEQUENCE: 1

cectecagagt gactgaagga aattcagaga agagetgaca cctaagttgt agattttgece

ygaacaggtce agttgactgg crgctataaa cctaaccccc aaatctatgt caagcetcatce

g

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 121

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Amplicon A

<400> SEQUENCE: 2

attcagagaa gagctgacac ctaagttgta gattttgcey gaacaggtca gttgactgge

60

120

121

60
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rgctataaac ctaaccccca aatctatgte aagctcateg aggagtgcac cgacctgcag

a

<210> SEQ ID NO 3

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Amplicon A

<400> SEQUENCE: 3

atgtatggce cteccaccag gectggtggg tectgteteg actgggagea gaggaggggt
rgggggagga gagaaagaag dggagtgaagg gaagaggagg gggagtggtg gagggaaata
g

<210> SEQ ID NO 4

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplicon B

<400> SEQUENCE: 4

actgaatcca gctgcaatge aggaagacte cctgatgtga tcatgtgtcet caccctttcea
rgctgaaage aacagtrcag acgatgagac cgacgatcec aggasgtatce agaaatatgg
t

<210> SEQ ID NO 5

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplicon B

<400> SEQUENCE: 5

atgcaggaag actccctgat gtgatcatgt gtetcaccet ttcargectga aagcaacagt

rcagacgatg agaccgacga tcccaggasg tatcagaaat atggttacat tggaacacat

g

<210> SEQ ID NO 6

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Amplicon B

<400> SEQUENCE: 6
gtgtctcace ctttcarget gaaagcaaca gtrcagacga tgagaccgac gatcccagga

sgtatcagaa atatggttac attggaacac atgagtaccc tcatttctet catagaccca

g

<210> SEQ ID NO 7

<211> LENGTH: 121

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Amplicon B

<400> SEQUENCE: 7
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gggctcecagt gttatctgga ccagttcctt catkttcagg tgggactcett gatccagaga

rgacaaagct cctcagtgag ctggtgtata atccaggaca gaacccaggt ctectgacte

C

<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplicon A primer

<400> SEQUENCE: 8

aatggacctce aagacttcce

<210> SEQ ID NO 9

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplicon A primer

<400> SEQUENCE: 9

attcteectt ctgttgcagyg

<210> SEQ ID NO 10

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplicon B primer

<400> SEQUENCE: 10

tccagatgge atgtcacagt

<210> SEQ ID NO 11

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplicon B primer

<400> SEQUENCE: 11

gagctatget tggcacatag

<210> SEQ ID NO 12

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Probe sequence

<400> SEQUENCE: 12

gtagattttyg ccygaacagg tcagt

<210> SEQ ID NO 13

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Probe sequence

<400> SEQUENCE: 13

cagttgactyg gcrgctataa accta
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<210> SEQ ID NO 14

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Probe sequence

<400> SEQUENCE: 14

cagaggaggg gtrgggggag gaga

<210> SEQ ID NO 15

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Probe sequence

<400> SEQUENCE: 15

tctcaccett tcargctgaa agcaac

<210> SEQ ID NO 16

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Probe sequence

<400> SEQUENCE: 16

gaaagcaaca gtrcagacga tgaga

<210> SEQ ID NO 17

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Probe sequence

<400> SEQUENCE: 17

gaaagcaaca gtrcagacga tgaga

<210> SEQ ID NO 18

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Probe sequence

<400> SEQUENCE: 18

ttgatccaga gargacaaag ctccte

<210> SEQ ID NO 19

<211> LENGTH: 28000

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

ggctgcagtyg agctaagatt gtgccactge accccagect gggcaacaga gtgagaccct
gtctcaacaa aataaataaa tatattttga attaaattaa aatgaaaaaa cagcctatca
aaaagtgtgg gatgtagtga aagtagtgtt tagagggaaa gttatagcat tgaatgcata
tattaggaga agaaagatct aactcagaga gggatgaaca ggtgaggcat aggggatttt

aaggtagtga aactcttgca gggcagggga gccccaaaac tgggacacceg tccgggaagg

ctecttggett cgtccaggaa ggaattcaag ggtgagetag aggaggaaga aaaaggttta
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ttgaggcagce agggttacag ttctgtgact gtecctgecag agcagggceca ccccatagge 420
agtgcctgga gagcagcagce tcagggcact tctatagtca cattcatacce cacttttaaa 480
tacgtgcaaa ttaagggcag gttattcaga aatttctaga agaagggtgg taactgggte 540
attgccaggg aatgagtaaa ctgttcatgg tgetggtget catgccagec agtcttcaat 600
ctggeectga gtcaagecce acctectate tcaaaactat tcetgcatggt getgtaatgg 660
tggatacatg acatgttatg tttggcaaaa tccatagaac tgtaggacac aagagtgaac 720
cttaatgtaa accttaatgt aaatggactt ttgttaatta tgatgtatta atatcaattc 780
atcaattgta acaaatgtat cacagtactg ttaataatag aggaacttat tggcaggaga 840
gagagcttat ggaactctct gcacattcag ctcaatattt ctgtaagect aaaactgcetg 900
tgagaaataa aatccaacct gggcaacata gcaagacctt gtctctacaa aaaataaaaa 960
atgagctggg tgcagtaacg catgcctgta gtcccaggta ttcaggaggce tggggcagga 1020
ggatcccttyg aacccaggaa gttgaggttg cacgagtcat gatcatgeccce ctgcactceca 1080
gcctggataa caaagcaaga tcctgtctcecc aaaaaataat aaaataaaat aaaaatctac 1140
taattgaaag ggaaaaaagc atagtataat accattctta acaaaaagaa aagagacctg 1200
tgtttgtgtg tgtgttaaca tttgaaaaaa atctggaaag ctctatatca aaacgtttat 1260
agaggcaatt ttgtagtgtt agaatcatag atgatctttc cacttcctgg tttttcectgac 1320
tttttttett tttgcagtgg gcatgtattg ctggaaaata ccacagacaa ctgtgaaagg 1380
atttcatcaa caacaaaaaa aagataaaga aggaaacaca aaatctgtta aataagattt 1440
atgttggctg gaggttaaaa tgcatttcca gagcagagtt cagagaaagg ctgggctgcet 1500
tgttgctgge taaaggacaa agggtaagtt tcaggaagca gaagagtgag cagatgaaat 1560
tcagcactgg gatcagggga gtgtctgatt tgcaaaagga aagtgcaaag acagctcctce 1620
ccttetgagg aaacgaaacc aacagcagtce caagctcagt cagcagaaga gataaaagca 1680
aacaggtctg ggaggcagtt ctgttgccac tctectctect gtcaatgatg gatctcagaa 1740
ataccccagce caaatctctg gacaagttca ttgaagacta tctcttgcca gacacgtgtt 1800
tcegcatgca aatcaaccat gccattgaca tcatctgtgg gttcecctgaag gaaaggtgcet 1860
tcecgaggtag ctectaccect gtgtgtgtgt ccaaggtggt aaaggtgagt ccaggcctgce 1920
ctggccaggg gaggggtggce tgaatgtgca agagttgaga ttgagaatga gagagagaga 1980
gagagagaag caaaaaccta gaacccaggg tgcaaatgtg agtacagaga gctgagatct 2040
tctgggatgg tggtttctta tttatccaca cagcatgtta aaatagattc tggggtgaaa 2100
tcctacatce ctattattaa caagtgacce tccecccectac ttcecceccgcectga agtttatgaa 2160
ccactgtecct gggcgatgec catttcagaa atagggaact gaatcccagce tcectggtaaac 2220
agtttgctaa ttcgtggcca ggctaggggce tcaccatttce tgcagtgaag aatcatatgt 2280
tttgaaagca aatagcacct gctggctgca agaccttgag caagtcactt aactactctg 2340
tgttccaatt tcctcagcca taatccccaa tactgttgca gtcttgccag tgcaccttaa 2400
tgtagcagct tctcactgaa ttagtaccca aggttctttg tecctgcatce aagaaaatta 2460
aggaacatgg acacaaacgt gagcttggag caaaagttca gtaagcaaaa gaagaaagct 2520
gtctceccactyg tggagaggga agtctgagtg gattgccaga ttgcagctga atgcaaaaaa 2580
cttttataag aaaccactct cctccctgta actgtttgag aaacttttta tcagtaaagc 2640
tgtgcaactt cccttacctt atgcagectgt gggtatatct ctaggcaagce ataaagcgcet 2700
gcttetettyg tatgtataac tgtggatttg ttttaggtaa gtcccactcce ctgcgccagt 2760
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ttcaggcagg ccgctcecctec agggcccage cttgaccatt tacctaactg atttttecte 2820
tactttcecct caatacctca tagggccgtg tagattaagt aaaatagtaa gtgtgaacca 2880
cccagcataa gctagtectyg ggcatcgtaa aggacaatgg gaaaagaaca cagatcctgg 2940
aagaaggccce ccaggtttga attgtatttg ccacctacta gectgggtgat ggggctgata 3000
tattatctca ctgagcatcc attttcccat ctgtaaaatg ggaactaatg ataatggcat 3060
ccaaatcata gcatcattgt gagcattata ggagtttaag acatgcaatg ccttcagaac 3120
agtggctagt gctccataat gttagtgatt gctecctgtca ttttatttag ggaggtttgce 3180
ctcactaagc atcaattatt atttttgtcg tctttttcag ggtggctcct caggcaaggg 3240
caccacccte agaggccgat ctgacgctga cctggttgte ttcecctcagte ctetcaccac 3300
ttttcaggat cagttaaatc gccggggaga gttcatccag gaaattagga gacagctgga 3360
agcctgtcaa agagagagag cattttccgt gaagtttgag gtccaggcte cacgctgggg 3420
caacccecgt gegctcaget tegtactgag ttegcectecag ctcecggggagg gggtggagtt 3480
cgatgtgectg cctgectttyg atgccecctggg tgagagctcecce cagcttcecttt ttetcectet 3540
tcecatttet gagcagaaat ctcccacagt ttgagagcett tttgccccaa cagggcatct 3600
ctctaaagca gggtgggagg agatcttagg atctgtceccecg gggcaagaat gaatacggtce 3660
atgatctatc acaggagaga cattaaacag caaattggca taatgtgggg acaaagacat 3720
ttcttacaga acatctgcaa ggcttactgg ttctgtttaa ggcaaaatgt gtgaatttta 3780
tctttctaaa atcaggcagce aaagatgtgg cttaaagttc atgttactct catctttgtce 3840
ccaacatgag atctcatcaa acgtatgcag cacgttggga gatagatatt tataatttgc 3900
aggaacattt ggacaggaag tgtaacctct cagaggctcc cttgccacat caggagaatt 3960
ggtaaaacca cactacctgt atcatatcat tattttaagt gataaatgat catctacatt 4020
cagctctgat gagtaatagg tgttcaaaaa taggaacttc cagccaagtg tggtggctca 4080
tgcttgtaat tccaacactt ttggaggctg aggcaggagg gtcgcttgag cccaggagtt 4140
caagaccagc ctgggcagca aagtgaaacc tcatctctac taaaaatttt aaaacattag 4200
ccaagtgtgg tggtacatgc ctgtggtcgce agttattcag gacgctgaga ctgaacgatc 4260
acatgaggcce agccaaggat tcgaggtgtce agtgagccac gaatgtacca ctgcactcca 4320
tcectaggcac agagcaagag caagaccctg tctcaatcaa tcagtcaatc agtcaaaact 4380
atgaatttcc cagctgtata tgaaggcacc tcaaaacacc acagtgaact cacagaggga 4440
cacggaatag tttagatttt aattttttga gggaaatgcg atgacatctg tcacacaccg 4500
cacaaacggc tactattaaa ctgaacttac tgattagtgg ctactaatta atagttggtc 4560
attaagcagt aattagtgat taattatcaa gtaattagga cttaattaaa ggaactgtca 4620
cagtttecctt tagtcctagg gcagccatga aaaaaaaaat gctgactctce caaagacacc 4680
agggtatgag aaagttttgg attctctcct ttgtgccatce tecctgtgttg ggggctgaag 4740
tacaatggtt gtaaaagaca agagggagaa ggctggtcac agtggctcac gcctgtaatce 4800
tcagcacttt gggaggccaa agtgggggga tcacttgaag tcaggaattc aagaccagcc 4860
tggccaacat ggtgaaatct cacatctact aaaaatacaa aaattagctg ggcgtggtgg 4920
tgtgtgcectg taatcacagce tactcgggag gctgaggcag gagaattgct tgaacccagg 4980
agatggaggt tgcaatgagc caagatcatg ccattgcact ccagcctggg caacagagtg 5040
agactccatce tcgaaaaaaa gaaaaaagaa aagaatataa ggagtgatta aaaaagaaaa 5100
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gaaaagaaaa ctaagtaggg tgaaacaata gatagccatg ggggttaggg agctttttta 5160
gacagggteyg tgagggaggg tccctgagece tgagtggcega gaaggagtga gecttgggga 5220
gatctggagy ttctgggaag aggaatggca agtgcagagg ccctgaagca gcaatgacca 5280
tggcacattt gaggaagaga gaaaaagtca gagaagtaga aagtgggcaa aggaagcaag 5340
acaggaggtg aggtgggaga ggttccagag accagatcac accagacatc attggccace 5400
ataagatctt tgggttttaa aattccagat gttatgggat gcaggaagca gcatgatcag 5460
cagcattctce taggtgccag gttgagaaca ggctgtgggg gaacctgtaa agaggttgcet 5520
gccatagtte cggcgagtga cggtggtgge ttggatgggg tgatggcagt ggagagggca 5580
ggagggagga tcaggaatgg acctcaagac ttcccagcec tgggtcetget gcacttttcea 5640
atcaaacccce atggccaggg agattgtcce ctcagagtga ctgaaggaaa ttcagagaag 5700
agctgacacc taagttgtag attttgcccg aacaggtcag ttgactggceg gctataaacc 5760
taacccccaa atctatgtca agctcatcga ggagtgcacce gacctgcaga aagagggcga 5820
gttctccace tgcttcacag aactacagag agacttcctg aagcagcgcec ccaccaagct 5880
caagagcctce atccgcctag tcaagcactg gtaccaaaat gtatggccct cccaccaggce 5940
ctggtgggtc ctgtctcgac tgggagcaga ggaggggtgg ggggaggaga gaaagaaggyg 6000
agtgaaggga agaggagggyg gagtggtgga gggaaataga gggatggaaa aaggagagaa 6060
aggaaaaaga ggtggagaga ggagcctgca acagaaggga gaatgaaagyg gaaggaagag 6120
agaaaggaag ggattttggt gttctgttca ctgctgtatc cccagaactt aaaacagagc 6180
ctggtgcata ataggtgtaa ataactgttg aataaatgaa tcaatgctac atacacacac 6240
gcacgcacac acacacagag agagagtcaa ccacactctt cagaaggtgg ataagttaaa 6300
acaagagttt caaacaaata tatgttcaga tgccctttecce teccacttac tggctggetg 6360
gccttaagta agcaacttaa cctttetgtt ctttetgctt tettatctgce aacgagtage 6420
atgccatagce tagagtaaca cggcatatag ttggtcctga taaatgtagce atattttagce 6480
caccatagga gtacacataa taaaagctaa catgtagtat gtgcttagct tatctatgtt 6540
ttgtggatgt gatacaattt tctgttcact tttaaatgcc ctgcatctta gtcaatttta 6600
acagtgattc tgtaagttag ataaggttag gcattattat taaatccatt ttacaccaag 6660
agaaacttgg gtcaaaaaga gaaactcctg ggtcacatgg ctcattcggce caataagtag 6720
cagaagtaaa atttgaattt ggctgggcgc ggtagctcac accagtaatc ccagcacttt 6780
gggaagccaa ggcaggtaga ttgcttgagce ccaggagttc aagactagcc tgagcaacat 6840
ggcaaaacct cgtctctaca aaataaacta aaaatttagc caggtgtgat ggtgagcacc 6900
tgtagcccca gectactgggt aggctgaggt gggaggatcg cttgagcectg ggaggaggag 6960
gttgcagtaa gtcaggattg cactactgcc ctccagectyg tgagacagag caagatcttce 7020
tctcaaacaa acaaacaaac aaacaaacaa aaactcgaat ttgggtctat tgacttaaga 7080
gtttgcctga taataatagg cattcaatgt atatttcttg aatgaacgaa tgaatgaaaa 7140
taatcaggaa taaactttcc aatttaaaag taacacctct aggtaaaaaa aagacaatca 7200
tttagttgce agacttctaa gtgtttgctg ttctatgaat tgtaatcatg gagcctgagce 7260
attgtagaat ttacaaaagc agttcctgac aaaagcagca ctgcccccag ggacatattg 7320
aaaattaatg agggtgtttt tggtaaccat ggtgatggga ggacatgggt gctacttata 7380
tttagtggaa agaagacaag aatgctagtt attgtacaat gatcaagaga gtcctgcaca 7440
gccaagaatt gtetttttet ttetttettg atgctgttet cctttaaaac aagacaagat 7500
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taacaataat ttaactccac taaccaccat catcaccacc tccaacttat atgctacatt 7560
tcttgtatat ttcaagtctg tttatatttt caagtgcctc gaagtattat tgttttatag 7620
ccaaatgttt agttaatctg ctcacagatt taccactttc ttcactattc attctgtcett 7680
acacctctaa cattccatct ggggtaattt tcctaaatga tcatgcatce tttgggattt 7740
cttttgatga tggtctattg gtagtaaact ctctcagtta ttgtttgtct gaaaatgtca 7800
tgcttttgee ttcattgttyg aagggtgctt ttgctgggtg gtcatttcag tatattgaat 7860
atatcattcc atcttccagt gtcatcatta aaaagtcagt tgccagtcta actgcagcectce 7920
ttttataagt aacctgtctt attcttectgg ctgcatgtaa aagttttcte tttgtetttg 7980
attttgttta gcttcaatct getgtgtctt aatgatgggt tecctattgtt tgtcecctgatt 8040
gggattcegt taagattcct gaatctgtgg gtagatatct ttaatcagtt ttgaaacttce 8100
tcagccattc ttctaaaata ttgattctce ttcattcectet cctcacctte tagaattcca 8160
attaaatgta tgttagaccc tgctctatct ttcatatctc tatactctet tetgtgtttt 8220
tcatcctttt gtctattttt ccatgcttta ttctgaatag ttccttctaa tcectaccttcee 8280
aattaactaa ttttctcttt agctatatct aatttgctgt aattaattac agttgccatt 8340
tttatcctaa aatttctatt tcatattttt gtatctgcca tggtacttcect tatggcetttt 8400
aattccctge taactattta aagttcttat tttatcctgt gaatatgata ttcecctagtta 8460
ttttattttt aatttttatt atttgttaat cttatgtttt atttacactt cttttctgtg 8520
acatgagcac acacagattc atgtgtatac atatatggct ctgatacctc tectttectg 8580
tcectcattca aaccactgat cacagagaga ggactatttt tttttatttt taatttttcet 8640
atttcaatag gtttttgggg gaacaggtgg tgtttggtta catgaataag ttctttagtg 8700
gtgattttgg tgcacccatc acccaaacag tgtacattgt acccaatgtg taatctttta 8760
acccttgeca caccccacce ttteccceecgca gtccgcaaag tcccatgtat cattcttatg 8820
cctttgette ctcatagett agctcccaca tatgagtgag aacatacaat gtttggtttt 8880
ccattcctga gttatttaat taaaataata gtatccaatt ccatccaggt tgctgtgaat 8940
gccattattt tgttcctttt tatggttgag tagtattcca tggtgtgttt gtgtgtgtat 9000
aacatttttc tttatccact cattgattga tgggcatttg ggctggttcce atatttttgce 9060
aattgcaaat tgtgctgtta taaacatgtg tgtgcaagta tcttttttgt ataatgactt 9120
cttttectet gggtagatac ctagtagtgg gattgctgga tcaaatggta gatctacttt 9180
tagttctata aggaatctcc acactgtttt ccatagtggt tgtatgagtt tacattccca 9240
ccaatggtgt aaaagtgttc ccttttcacc acatccacac caacatctat tattgtttga 9300
ttttttatta tgaccattct tgcaggagtg aggtggtatc acattgtggt tttgatttgc 9360
atttccctga taattaggga tgttgagcat ttttccatat gettgttggt atttgttttt 9420
tttttttttt tttcattatt atactttaag ttttagggta catgtgcaca atgtgcaggt 9480
tagttacata tgtatacatg tgccatgctg gtgtgctgca cccattaacc cgtcatttag 9540
cattaggtat atctcctaat gctatcccte cccaattcecce cccaccceccecge ttgttggtat 9600
ttgtatatct tcatttgaga attctctgtt catgtcctta gecccactttt tgatgagatt 9660
ttttttttet tgctgatteg tttgagttct ttgtagattc tggatattag ttggatgtat 9720
agattgtgaa gattttctecc cattctgtgg gttgtctgtt aactctgcta attatttcett 9780
ttgctttgca gaagcttttt agtttaatta agtcccatct atttatcttt gtttttgttg 9840
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catttgcettt tgggttcttg gtcatgaagt ctttgcctaa gccaatgtgt aggagggttt 9900
ttccaatatt atcttctaga atctttatgg tttcaggtct tagatttaag tatttgatcg 9960
attttgagtt gaattttgta taaggggaga gagaaggatt cagtttcatt cttctacatg 10020
caacttgcca attatcctag gaccatttgt tgaatagggt gtcctttcce cattttatgt 10080
ttttgtttgg tttgtcaaag atcagttggc tgtaagtgtt tggctttatt tctgggttat 10140
ctattctgtt ccatttgtct acgtgactat ttttatacca gtaccatgtt gttttggtga 10200
ctatggcctt acagtatagt ttgaagtctg ataatgtaat gcctccagat ttgttetttt 10260
tacttagtct tgctttggct atgtgagctce ttttttggtg ccatatgaat tttaggattg 10320
ttttttectag ttctgtgaag aatgatggtg gtattttgat gggaattgca ttgaatttgt 10380
agattgtttt tgggagtatg gtcattttca caatattgat tctacccatt catgagcatg 10440
ggatgtgttt ccatttgttt gtgtcatcta tgattttctt tcagcaatgt tttgtagttt 10500
tcettgtaga gttectagtt attttaaagt ctgtgttegg tcectttcagca tttaaagttt 10560
gtaggtttat tactatttct cttcectttctg ttggtcataa ctcttagtgt tttgtttect 10620
tgtgtgectg gttacatatg tgctggtcat tgtatttgaa aattatgtgt gaaataattt 10680
gaggttttgg attatgtata ttcctccaga aagaatttca tttgcttcectg tgcatttett 10740
aggaacatta caagtccttc ttctcagtta attttcgtag tatctttatc agataggtge 10800
tattacaacc actcacttag cagatgaaaa tcatgaggct ctgagagtct aagtcatcta 10860
cttagaattg gacaatggtg aagccaggat tcaaacccac atcaataaga atccagcget 10920
cttaacaagg ggccagtaca cttttttaaa aaataaaagg ctagatagta aatattttag 10980
actttgtgga ctgcacagcc tcectgttgcaa ctactcaacc ctgcctttgt agcatgaatg 11040
cagtcataaa ctatacataa atgaatgagc ctggattcgt tccaaggaaa ctttataaaa 11100
acaggtggca ggctggattt ggcccatgag aagtgtagtt tacacaaaag ttgagcaaac 11160
caattttttt ctgattgttt ttcctettcet cagtgtaaga agaagcecttgg gaagctgcca 11220
cctcagtatg ccctggaget cctgacggte tatgcttggg agcgagggag catgaaaaca 11280
catttcaaca cagcccaggg atttcggacg gtcttggaat tagtcataaa ctaccagcaa 11340
ctctgcatct actggacaaa gtattatgac tttaaaaacc ccattattga aaagtacctg 11400
agaaggcagc tcacgaaacc caggtatgct atccccacat ggcttagctce ccctatgtaa 11460
atgaacacct ggatacaggt acagtgcctt ggaaatggag gaggtgggag ggctccccac 11520
ttagtgagaa tctcctgttg cccatcattg tactgggcat tttactactg ccatctgttt 11580
taaacaccta cctccaacce tgtgaggcag gcactatgcce aattatttta caggtgagta 11640
aactgaggtt ctgagaggta aggagcttgt ccaaccctta acagaaaatg agtaaaatag 11700
ctgcagtttg aactgaaata agaacagcag caacaacaat gatagtaatt gctcccaggt 11760
attgaaagct tgttgtaaga ctaacacatg ctaatataat agtaaaaatt attagcaata 11820
ttactgatat gtatgttatg ttctagtcgce tgtgctgage atttcatata actgggcttt 11880
ttctatecte acagcatage ctttgagata ggtatgtgga actattccca ttttacagat 11940
aagaatcctg aggcttagag agttcaagtg acctacccaa gggcacatca ctgataaagg 12000
gcagaggtgg gattcaaacc cacatctgtc aggtgcaagt gcaaggctcc ttctectcat 12060
gctcactgece tgctggggaa tagggcactg gggacatacc ccagggagcc cttectcatg 12120
ttctgagtce cagttcatcce catgctgcta ttttgctcecte ccaggagcat ctggactcce 12180
tagacagagc cccagcttcect cacctgtcce tctctaaatg ctgctcectgca ggcctgtgat 12240
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cctggacceg gecggacccta caggaaactt gggtggtgga gacccaaagg gttggaggca 12300
gctggcacaa gaggctgagg cctggctgaa ttacccatge tttaagaatt gggatgggte 12360
cccagtgage tectggatte tgctggtgag acctcecctget tectececctge cattcatccece 12420
tgccectete catgaagett gagacatata gctggagacce attctttceca aagaacttac 12480
ctcttgccaa aggccattta tattcatata gtgacaggct gtgctccata ttttacagte 12540
attttggtca caatcgaggg tttctggaat tttcacatce cttgtccaga attcattcce 12600
ctaagagtaa taataaataa tctctaacac catttattga ctgtctgctt cgggctcagg 12660
ttectgtecta agccectttaa tatgcactct ctcattaaat agtcacaaca atcccatgag 12720
gcatttttaa aaatttttta ttattttaga ttcagagggc acatgtgcca tttgttacac 12780
agctatattg tgtaatggtg gggtttgggc ctctattgat cctgtcgccc aaatagtgaa 12840
cagagtaccc aaaaagaatt ttttcaacct ttgecctttet cecttectee tecctgttgg 12900
agtccctagt gtctattgtt cccatcttta gcagatgtta agtatttgat tttctgttte 12960
tgggttaatt cacttcggat aatggcctcc agctgcaacc atgatttcat tectttettat 13020
ggctgcataa tactccatgg tgtagatata ccacactttc tttatccagt tcacactgat 13080
gggcacttaa gttgattcca tgactttget attgtgaatc gtactgcgat aaacatacga 13140
gtgcecggtgt cttttgatag aatgatttct ttacctttgg gtagataccg agtagtggga 13200
ttgctgggtt gaatggacat tctactttta gttatttgaa aagtcccatg aggcatgttt 13260
tctatcattc ccatcttaca gatgagacaa aggctcagag aggtgaggtc acttgctcaa 13320
ggacatcagc taacaagtgg tggaaatgga attcaagctc agtggactct aaagccagtg 13380
ctcatgtcac tgtgctaaac agcctgectt gtcacatcce cacctcectcat ctgaccaatg 13440
ggagactctg agcagctgag tgacttgggt tgtcacacag ctaaacaggg gcaaaggacc 13500
cagtcttgga tctttccacc tccaagcagg aatctgtcetg attceccagggg attgatgatg 13560
ttgcagatgg ctaggaagca gactccagga tggaatttag tatgcaggat gttctggggg 13620
agagccactg gaaccagcac tcagggaaag gggggaagaa aggataggaa ggaagcatga 13680
aagagaatag ggagaagtga acagggatgc agagcgaatg ccagtttcag ccaactccaa 13740
ggacagcect ggagctggaa tggcectttag agctgcccca tggtgacaga ggtggccagg 13800
cttctatacc cctacgtgga tcactcactg tgcttgggca ccttgggaaa gggcatgget 13860
ttgagcaaaa ggctctctge agctgaggca acccctaaaa gggctgacgg ctgaagtctg 13920
tctgctgace actgtcccag cagctgggge ttgttagtcece ttectcaaag ggggatccag 13980
atggcatgtc acagtgtcta ccgtaaatgc tcactgaatc cagctgcaat gcaggaagac 14040
tcectgatgt gatcatgtgt ctcacccttt caggctgaaa gcaacagtgce agacgatgag 14100
accgacgatc ccaggaggta tcagaaatat ggttacattg gaacacatga gtaccctcat 14160
ttctctecata gacccagcac actccaggca gcatccacce cacaggcaga agaggactgg 14220
acctgcacca tcctcectgaat geccagtgcat cttgggggaa agggctccag tgttatctgg 14280
accagttcct tcattttcag gtgggactct tgatccagag aggacaaagc tcctcagtga 14340
gctggtgtat aatccaggac agaacccagg tctcctgact cctggectte tatgeccctet 14400
atcctatcat agataacatt ctccacagcc tcacttcatt ccacctattc tctgaaaata 14460
ttccctgaga gagaacagag agatttagat aagagaatga aattccagcc ttgactttet 14520
tctgtgcace tgatgggagg gtaatgtcta atgtattatc aataacaata aaaataaagc 14580
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aaataccatt tattgggtgt ttattaactt caaggcacag agccaagaag tacagatgca 14640
tatctagggg tattgtgtgt gtatatacat tgattcaaca agaaatattt attgagcact 14700
tactatgtgc caagcatagc tctgggcact gggaatatag caatgcacaa aagcagacag 14760
aaatccectgt cctcatgacc ctgcagagcc aagacttcca gaatttttta aataaaaaaa 14820
tcectgtect catggagttg acatttgtge aaaacatctt aatgttagat ggttttccta 14880
ttactaataa ttctgaaata agcatccttg atttatcctt tctceccatatc tctgagaaaa 14940
attatagaac ctccctgtgt gacacagcag ccactagcca catgtatcaa atgcttaaaa 15000
tgtagctagt ctaaatctac atgtgctgtg agtgcaaggt atatacttgg tttcaaagac 15060
ttagtacaaa tgaaaagaat gccaagttct tgccaactga taattttttt aattgtgtge 15120
tgaaatgaca atttttaaat atatttgagt taaatcaaat gaacttcatc tctttetttt 15180
ccetttttaa ttgtggctac tagaaaatgt gaaatcatac atgtggcettg tgttatatta 15240
tgtatttcta ttggacagct ctgtcctcca aggtaaatca ctggattaaa gattcgacta 15300
tactgactta cattgccaca ttgtcacact gtccttggga ccaagaatca acatatcatt 15360
cataagactc taaaatataa aactctcata aatactcaca aaagaaccta gcatgctctg 15420
atcacctgag ttgctggtca cttttggtgg ctggtaagca gcctttggte cgtccagatt 15480
atattcttce atttagtcecce cccacatcce tgtgagatgg gttttgttgt tattctcata 15540
atattaagtg gaataacttg aggttctaag aggttacagt gcttgcccag ggtcacccag 15600
ctggtcaggg gcagagtctg aacttgaacc ctaatcctte tctcectctaaa gectcatgtte 15660
ttaatcactg tagcatggtc ttaatgtgtc ctcattcatt gaaagcttat gttttectac 15720
tctggegeca tgagaaccag aagcatcaat gtccagggge agggaaagat gaatgtccca 15780
gctcaacctyg agcacagatt cacccttecct cggtettttt gtectatttg tagactggat 15840
tagatgatgc cagtctactg attcaaatgt gaatctcttt cagaaaaacc ctcacagata 15900
cacctagaaa tgatgtttca ccagctatct tggcaccctt agcccagtca acttgtcaca 15960
taaaatcaat catcacacac tccatgctga taggcaagtg tggacatccc aatgtaatgg 16020
cttcattgta ttttactgtg tggaaaatgc acttgtgttg ccttttgaga gtgtttcatt 16080
ttatagcaat gccacaacca acagtagatt aatggaatca gtaattagtt gcttgatcga 16140
agagccacat ggccacgtga tcagecttcece atctacaaca ggacccagga gtataccggg 16200
attgtttttc aaagggcata gacatttttg ctgcaaatga catgggctta ctccagagtce 16260
ctggaggggt ctgtgttata attctctaaa tagatattgce cataatctct gaatgacacc 16320
ttttceccatg actaacactt tgaacaccat ggggtctgce aggctggtgt gggccaagta 16380
gaggggcgac ttgcaccaca gcctatacca gcectgcagage cctttaggac ttaataaaag 16440
ggtgctaatt tctgtactte cctggctectg agatgtaata gtggttttaa tttactatce 16500
tggccaggga ggtggcagtt tcaaaggtat ccccatgacce ttectcactg tgatagccct 16560
cacttaaccc tcaggccaat gtcgggtagt gtcttttacce aagcatgtcce tttttgaata 16620
tacattcagg ggacagggaa atgatcacca ggtcggtcca tagacacagt gggcaaatga 16680
caagcctgac ttggccaggg ctccattttt cactcttgge tectatatge cecctactctg 16740
atggggacag aatctgatga cgcttttcecgt tatcagtgtt gatcctctge ccaacagtct 16800
tagaaatgtt gagtgactcc ccttttceccag tgtatcatce tctgaataaa tggccatagg 16860
tcetttgggg gaaaccatta ctatatatge tatggtgtca cagcatcctt tecccaagggg 16920
actctgecte ctetttgtta atggggtcta gtctgaaaac tgggttggtc agttccaaaa 16980
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atcaggaagg gatgatgact ttttattgga atggctccce ttaaccccct ggtcgtececgg 17040
ccttgattte ttctaatggt ataaattgag tagtgccctt tcaagatact catccactaa 17100
gtcactaaga ggccacattg tgttaaccag gtccctaacc ctgtatcagt cacgacccct 17160
ggctgccect ccaacctcac cattcattat agtcattgca cccacctggce ttctattget 17220
ctgggagtcce tgcctgcect attgccectta tcaatccaag ctcetgtaaca geccctette 17280
ccaggaggcce accaccagaa cacctcatga tgcaggtgte cctcectcectceca cacattcecctt 17340
atggcctecgg ggaatgtttt gtccectggg actctattte cagacttaca tagtaaacat 17400
atccactecct cttcactgtg cccatttceccee ttggcectett aataccttet teccatcaget 17460
ccacagcaat tctggaattt catacttttc tgcatttcta ggagccatcce taggagtcag 17520
ggaaaacctc ggcttcacaa gtaaatggga cttcagttgt gtgccaacat gcctggctaa 17580
tttttaaatt tttttgtaga gatggggtct tgctgtgttg tccaggctgg tcttgaactce 17640
ctggcctcaa acaatcttte ctecttggece actcaaagtg ctgggatcac agctaccatt 17700
cccacacaca ttttcecttatt tttaaaggct gtatgtgcac tgtatacatt aaatgtgtge 17760
actgtataca ttaactgtgt gcactgtata cattaatttt ctttaacgaa tttatccatt 17820
tatagttgct ttggttgttt ccacttgatt attgtgaata gtgctgcagt aaacatggga 17880
atgcagttat ctctttgata tcctgatttc aattcttttg gatactcaga agtgggattg 17940
ctggaacata tcgtagttcc atttttaatt ttttgaggaa cctccatact gtttttcaca 18000
gtggctcacc aacagtgtgc aagagttccc atccctccac atcctcacac ttgttatctt 18060
ttgttcattc tttaaaaaat gatagccatc ctaccaggag taaggtgata ttgcatcgtg 18120
attttgattt gcacttctct gataattagt gatattgagt atattttcat agacctgtta 18180
tccatttgtg tgtcttcttt ggagaaagat ctattcctat ccttagccca tttttaaatce 18240
aagttattaa tttttttgct agtgagtggt aggagttcct tacatattgt ggagattaac 18300
ccttattaga tgtatggttt gtgaatgttt tcttcattce atagattgtce ttttcagcce 18360
gttgattgtt tcctttgcta tgcagaaget ttttagtctg atgtagtcca agttgecctat 18420
ttttgetttt gttgcctgtyg ctttgcatac gtggccacct gatctttgac aagattgcca 18480
agaatacaca atggggaaag gacagtgtct tcaacaaatg gtgtttggaa agctgaatgt 18540
ccacatgcaa aagaataaaa ttggaccctt accttacagc atacacaaaa atcaactcaa 18600
aatggattaa agacttaaac gtaagacctg aaactgaaac tactagaaga aaacttaggg 18660
gaaaacttca tgacattggt ctttccagtg atttcaggga tgtgacacca aaagcacaga 18720
caacaaaagg catttatttt tatatggcat gtgaggaagg ggttcagttc cagttcttcce 18780
aatgtggatg ctcaattatc ccagcagcat ttattgaacg gatcatgttc tctccacttce 18840
tttgcaaagc cacctcttaa atattcccag agcccatcta tgtgggagtce tgtttetgga 18900
ctectgcetett ttccattggt ctattttttg tgtccttgag ttaacacaac cttgtcttaa 18960
ttactataac cttataattc ttagtatctt tgggagaact ctgttctctt tttatcaagt 19020
cattggttcce tcttggcecct ttttatttcet acattaattt tatactcaat ttgtgaaget 19080
cctcccaaaa tatggggagg catttgatta gaattacaca tattagcecttg ggaagaataa 19140
catctatatt ttatatatat atctatatag aatttgatga ttctgatcca tgaacttgga 19200
gtttctttte attaattttt gtecctcttta gtgacagtga caatgtttta tcattttcecce 19260
tgcagaggtc tttcatggtt tttgtcatat gtattcccaa gtatttgttt cagtactatc 19320
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gtacttggca tgctttcttt aatttcattt tgcaatggtt gcttcatggg agacttaaac 19380
attttcagtg gtgatatttg gctatagcat tataggtgat ctttatactt ttctaaattt 19440
tctgtggcca cgggaaataa taaagacact tttcecttgcac agaaaaaaaa aacttttggg 19500
aagtatttct cacagctaag atctgatagt ttacgcaaag ttggcaggca caggctacag 19560
aaagctcectgg ggtgctgttg tttggagcetg ctggttcaag gacaaattca caagatttgg 19620
aaacagagga ccaagtgtgt aaggacgagg gaaactatgg tataacattg aagcacctga 19680
gctggaaatt tctgageccct cagagataaa tttcectcage tcectceccectgce cgagaaaaca 19740
aaactaaaaa gagttaatgt ttagccaaca gaaatgagag tgaagttcac agaagaaatt 19800
agggcacagc tggaagtgtt caaaatgagg aaacgttcaa tgtcaagttt gagatccagg 19860
gttgatgggt gaactctgca cgctcagectt catgttaggt ctcccagectc aacgaggggg 19920
tgaattttgg tgtactgctg tectttgaggce cctgcgtgaa ctctecccaca ceccteccect 19980
tttcctecata caaatccect ccecttgcacac ccctcacgee tgtcetgtgag gtgccaggge 20040
ccetetecca gecaaccgca ggccagtatt gccecctecce aaacttceccect tcaggcagat 20100
caaacccagg gctctggagt cacactgcect gggctcaaat cctgecttcetg aatcttatga 20160
gacatcaagt cacttaccta actccttggt gaaacaggct ctcecctctgtc aaataggtgt 20220
gcatgctttyg ggaggccaag gcaggaggat tgcttgagec caggagttca agaccagcect 20280
gggtaacata gtgagaccct gtctctataa aaataaaaaa attagccagg tgtggtggct 20340
catgcctgta gtcccagcta ctcaggaggce tgaggaggaa gaattccttg agcccacgaa 20400
gtcaaggctg cagtgagcca tgatcaagcc gcectgcactec agectgggca acagaatgcg 20460
accctgtete agaaataagt aaataaataa atacataaat aaatttgggt gcaattgtgg 20520
ctcttagtgt tacagagagg actgaaggag ctaatggatg atggatttat ggcagtacct 20580
cacatatagc ttatcctaaa ggaagttaga gcttattatg atgattattc aaaaatattt 20640
atcaaaggtc tgccctggge catgttctga gctaagtgct ggggatgcaa agatgagcaa 20700
gagactccte agggacaatt gtctgatgag ataacaggca ctatttatga gaggtccaat 20760
caatacagtt ctatttatct tataattatc caataaatga tataataatt tattagaggg 20820
ccaataaatc tgatggcagg agcctgtggg gggtaatgge caggtctcac tattgtgcce 20880
aggctggtct tgaactcctg gectcaagca tteccttetge ctecacctece cagcatgectg 20940
caattacaga ggcatgaaca actgcacctg gcctaaaatt ttatgttaat aaaaaaatgc 21000
atgtatttga ggagtacgac atgatgcttg aatatcatac tgtatcgggg gaaaccagcc 21060
ccecgatattt caatgtaggt tettttectat tttecccaag tgtceggcetgg tectgagaaat 21120
aaagggaaag agtacaaaag agataaattt taaagctggg tgtccagggc agacatcaca 21180
tgtcggcagg ttcectgtggtyg ccccctgage cataaaacca gcaagttttt attagcaatce 21240
ttcaaaggga ggaaatgtac atatagggtg tgggtcacag agaacacatg attcaagggc 21300
gacaaaagat cacaaggcag aaggtcaggg tgagatcaca aggtcagggc aaaactagaa 21360
ttactaagga agtttcatgt tccactgtgc atgcattgtc attgataaac atcttaacag 21420
tgttcaagag cagagaacca gtctgactag aattcgccag gctggaattt cctaatccta 21480
gcaagcctgg gggtgctgca ggagaccagg gcgtgtttca tcccttatct gcaactggat 21540
aaggcagaca cccccagagce ggccatttta gaggccccce gggaatgcat tetttteccca 21600
gggctgttaa ttattaatat tccttactgg ggaaagaatt cagggatatt tctcettacct 21660
gtttttggta ataagagaaa tatggctctg tcttgecctgg ctecccaggca gtcagaccta 21720
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atggttatct cccttgttec ctgaacatcg ctattatcct gttettcettt caaggtgcce 21780
agatttcata ttgttcaaac acacatgctt tacgaacaat ttgtgcagtt aacgcaatca 21840
tcacagggtc ctgaggcaac atacatcctc agcttatgaa gatgacagga ttaagagatt 21900
aaagacagac ataggaaatt atgagagtat tgattgagga agtgataaat gtccatgaaa 21960
tcttcacaat ttatgttcectt ctgtcatgge ttcagtaggt ccctecegtte ggggtecctg 22020
acttcccaca acatcactgt atacctgaaa ttagcattga ttctaattct ctggtcacac 22080
gtcattcaga gcataggatc ttcggtggat ttaagaagtg cctccctceccce tattctcage 22140
catgtgactc ccagaatcct atgaaattaa agatcttgtg tttggccata ggagacttct 22200
attcaccatc tttgttctcect cccacaaatg gcgaggccte cagtctccca catgacaget 22260
ttgtactaaa atcaacctta ctctatagaa catgcatgat tgcagcagga ctactatgat 22320
cttggtttga tgaattagtt aggataacat tagctgctgt aacaaacaga cccccaagcet 22380
gcagcatgac tcagatgcaa tataagtgtc tttttcactt atatcaagca agaatgacca 22440
gattttctga ttttttttte cgctgtgcta atgtagggag aagttgttgg aggtcacgtce 22500
acagttcaca gcaaccatct atgtttggga gcaaggatgc tggaaataga atccagcata 22560
cttgtagctt gtccataatt acagacacct ttgcatttac tgaactgaat cctatgactt 22620
gaagaccaaa gactgtagca tgcctgaagg gacagcctca gaactgtgga tgcctgtcecce 22680
tctectggtt tgggtttgtyg ctgaccacag gcaaacccac tgaactcagg atcactgcat 22740
aaagtgacgt attaagccta gtgccaggat ctttagtgtt tgcaggaagg tctcatgatt 22800
tttctgctaa ctcagctaat aggtagtcct ctgtccctte aagttacaaa cacatcctte 22860
attcaggaat ttgaatgttc agtccttgat attttatcaa cccttcattc tgtggtcaaa 22920
gggcagacgt ctctcccagt taagactgga agttagcage ctgecctccag ggatggggtt 22980
gtggttgcct tcectgctcectcet ctgttectet gggaagcage agaatcattc catgggagga 23040
ctagagcagt tctttcttga gagaagagat ttactcctte caagtgtatt ggttagtgat 23100
tgctacataa caaactaccc caaaactctc agtagcttaa aacaactgtg aagtgattga 23160
tgctcatgtg agcatgggtt ggttgatcca ggctgggcte agctgggcac ctctgtatat 23220
gctgtgggtt ctecctgagct caactcectte ctgccagttg catttaaggce tgttetgtge 23280
gtgtcttetyg gagcccagge tgaatggget ttggagatgg cagaagcaca agcgagtaaa 23340
cagagacaca tgaagccatt taaggcctca gcccagcact gacgtgccegt cacttcectcac 23400
attccactgg ccatgcaagt cacatggctg agcaaactca aggacttggg aagtaaccat 23460
cgtctttagt gggaggaact acaacatccc atggcaaagce atggatccag gaagcagtga 23520
aatgggggcce agtgactcag tttaccacac tgaggtctgg cagatggcta gaagtggcge 23580
tttctettga ggattggggyg agagggtgtg tttatggatt ctacagcaat cccaggcctg 23640
ggaacctctg taagtccecctt tcccagggec tctacatcte tcectctacat ggteccgtet 23700
aactcctgece tcatctagat ttcectgtacca cacccagett cttgtgagca tectcectttget 23760
gccagagggce cctgtgagac aagcccccaa gatgacccca tgccagaatt gtcacccatg 23820
tgattcacat ctggaccaga ggaaatgcct cccaaatgaa gcccatcctg cccccatcag 23880
gcaactacag gccacttcag ctttecttggg tgtaaggcag acctcagaat ctctgtgtet 23940
cccagctaga tggaaagctt tccaaggggt ccttgggaag ccagctggat tgaggcaagg 24000
aatatcacac ccccatccat ctcccaaagg gaagcaacac atcacctgac aacagttctce 24060
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tccagggcaa tctcetttgec aaacattgct cctcectccaca ctccaacccece tttatgtatt 24120
cttaacatga ctgaggagcc cctttataaa ttctgcattt gggagtttgt tgcatattct 24180
gtttggttec tggagttacce tacacaagag cctcaggcaa tgagatttta tttatcaaac 24240
cattaccaga tgtcaggtgc tgtcccaaac actttgtaaa tgttaaccca tttaatccte 24300
atataaatcc tatgaggtag gtgctattaa catctttatt ttagagatag ggaagctgag 24360
gcacagagag dttaagtaat tagcccaaag tcacacagaa ggcaactgtc ttctcaccca 24420
ggcaagaaga gtcctttttt atgataataa ggtggaagaa ggcaaggggg agataagcaa 24480
gaagatgata atgatgatgg tggccttccc tgagttactg tgcttagcac ttagtgtgcg 24540
tggccttgee ttgcectgtece tttgagacag gtatgtcaga ctctceccccat ttcgcagatg 24600
aataaactga ggctgatata gtttgaatgt atgtctccac ccaaatctca tgttgaaatg 24660
taatccceccag tgttggaggt ggggcectgtt gggaggtgat tggatcatgg gggtggattt 24720
ctcatgggta gtttaacacc atcgccttgg tgctatcctt atgatagtga gtacattcte 24780
atgagacctg gttgtttaaa actgggtggc acctcctecce cactttctet cactectget 24840
ttecgeccacat gatatgcctg ctcecccecttt gecttcectget atgattgtaa gectectgag 24900
gccteccecag aagccaagca gacgtcagta ccatgcecttec tgtaaagect gcagaaccat 24960
gagccgatta aacctctttt tctttataaa ttacccagtce tcagatatcc cttaatagca 25020
atgcaagaat ggcctgatac agaggctttg agaggtcaag tgacctgccc aagggcacac 25080
cactgataaa ggacagatgt gggatttgaa cccacctttg ttaggcccca gtgcaaggcece 25140
ccttetecte atgctcactg cccactgegg agctgggcac ttgggacaca ccctagggag 25200
ctgtgctetg ctggggcectt cctcatgecce caagtcectg cctgcccaag gecggtgcte 25260
tgagtctecct acagcccect cctcagecte actggcectca gtcatcecttgg ttcagggaag 25320
gactaaggtc ccctttggte cctgccaatc tgcaccccac cccagtgtga ccctcaagag 25380
cctgactectg gecttttaca gaataaatct gaacaaaatc agggttcatt ttaatagcaa 25440
caggctgctg atgcagacct tatcaactcc atcaaactgt gttcectttcaa atgttacget 25500
ccectggggg tgtceccacac cctgacgtca cacattcact cagtgaagcc catattcatt 25560
cggggagctce tttctttete tettectcectaa cacacactcet ccecttggttag ctggetgectg 25620
atcaacattt ctggatatac tggttttcag gaaaatatga tggttggctt ccaatcccag 25680
atttttcact gatgggttcc atatttacac catcttggce acagtctctg ggtcaccatt 25740
tccacacata cccacacacc ataaagagag gctttttetg agtcecttcectgt tcatgcagte 25800
tggaattgta tttgcttttg ttttggggca tcctgggcag ctcattccac taataggcat 25860
aaccataacc attgcagtct ccacttactg acatttacaa ctttccaggc acatgctagg 25920
gaccttacat tcattatttc attttattct cacatcacaa ccttgtgagg tggaggagca 25980
tgatggaagg aggaaggagc taaaagcaaa gaatctggag tccgactgcc tgggttcaaa 26040
tcectagetet accaatttec agctctgtaa catcgagcecta atttecctaac ctcectetatge 26100
catttcecta tctctaaaag gaagctgaca atagcatcta tctcatagga tttgtacgaa 26160
gattaaatga gtcaatattt ataaagtgtt cggaatgata cctgacatct ggtaatggtt 26220
tgataaataa aatccatttt aatgatgagg aaacaggctc agaagagggc gctcatttge 26280
tcatgtggta cagataggtt ccagactcaa actcaagacc atctgactct aaaacatcta 26340
aaactgttgc cccgcattcect cttcatttga cagataataa aactgaggct cagagaagct 26400
aagtgactcg cctgggactg cacagcaaat caagacaaat aagacctagg gtctcctgac 26460
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tgccagagtg gagatgcttce tataggcttt tctcactgat gectcectectggg cagacaggcet 26520
cctcaatatg agagtgacac acactccttt cttcattttce aggtaaacct cacactggtt 26580
ggcagaagga actataccaa taattagtga acatgcggtg aatttgcaac agacaagagg 26640
agcctcatta tcctatagtt tccaggttgce ttagggaggce agaaatcaca gcaaggaaaa 26700
ccttcaataa taaacagacg tctcataaaa ttaattgcaa cccaacctcect ctctctactt 26760
aaaattagca tctatttcca gectctgettt caatgcccca tatgaataca tgtgaactcce 26820
ctcectetet tecteccctgt ctecttetet ctectcectetgt cecctcattaa aaaataaaat 26880
ttaagaaaaa aatacaaggt agatttacac aaatagtggg atctcagtct tgagttagect 26940
gtgtatgact gaaaaggatg ctgtggttaa taattatcat aaaaacaatg acatggccgg 27000
gcacagtggc tcacgcctgt aatcccagaa ctttgggagg ccgaggcagg cagatcactt 27060
gaggccagga gtttgagacc agcctggcca acatggtgaa actgcatctc tactaaaaat 27120
acaaaaatta gccgggcatc aatggccagc ccctgtaatce ccagctaatc aggagtctga 27180
ggcaggcgaa tcacttgaac ctgggggctg gtggttgcag tgagccgagce tcacaccact 27240
gcactccage ctgggcgaca gagtgagact acatctcaaa aaaacaaaaa caaacaagca 27300
aaaaaaaccc cacagtaaca caaaagtaat aaaactgctg ctatttactc agtgcttatce 27360
tgatgccagce cactttgcta agcctatgaa tgcattattt ccccegttget acagatgaga 27420
gaattgaggt tcagacaggt tgaaatcatt gctcccaaag tcacacaact ggtgagtgge 27480
agagctggga tgcaaaccct aaactgccag ccctcaaagce ctgtgetcett aatctccacce 27540
ctgctgtget tecttgtecca tttaattaag ctccacagge acacattcca cgccctectt 27600
tgctgtacaa tcccaggcaa gtcgctcage ttctctgage ctcagtttca taatctgtca 27660
aatggaggta acacaaataa ttcctagttg tgaccaagaa tcatcataga aatctgccat 27720
ttccagecta ttgtgcaatt cctcaagcac tgtgactcca agtggcatca gctcctggaa 27780
gaacacactg tcttactgtt gtttcctecct ttgtcaactg atccccecctt gaacctcact 27840
ctacctectge tctcaatgec ccatctactg ccacctgatt aaataaaatc ttttttgaaa 27900
atcataagtg tcatgagtaa ggtttcttgg tgttgatgta gaagaacaaa acagaattgt 27960
gaaatgagaa tcactgcagc tatcatgaag tcctgcectac 28000

<210> SEQ ID NO 20
<211> LENGTH: 218

<212> TYPE:

PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 31
<220> FEATURE:

<223> OTHER INFORMATION: Xaa is
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 115
<220> FEATURE:

<223> OTHER INFORMATION: Xaa is
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 127
<220> FEATURE:

<223> OTHER INFORMATION: Xaa is
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 162
<220> FEATURE:

<223> OTHER INFORMATION: Xaa is

Asp or Asn

Leu or Phe

Gly or Arg

Gly or Ser
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<400> SEQUENCE: 20

Met Met Asp Leu Arg Asn

1

Glu

Ala

Ser

Gly

65

Phe

Glu

Arg

Pro

145

Gly

Cys

Leu

Ile

Ag

Il

Se
50

p Tyr Leu Leu Pro
20

e Asp
35

Ile Ile Cys

r Tyr Pro Val Cys

Lys Gly Thr Thr Leu

Le

Phe

Al

Ar

13

Gl

Xa

70

u Ser Pro Leu Thr
85

Ile Gln Glu Ile
100

a Xaa Ser Val
115

Lys

g Ala Leu Ser Phe
0

u Phe Asp Val Leu
150

a Tyr Lys Pro Asn
165

Thr Asp Leu Gln Lys

Gl

Ar
21

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>

<400>

Ser
1

Arg

Va

Pr

Le

Me
50

180

n Arg Asp Phe Leu
195

g Leu Val Lys His
0

SEQ ID NO 21
LENGTH: 240
TYPE: PRT

Thr

Asp

Gly

Val

55

Arg

Thr

Arg

Phe

Val

135

Pro

Pro

Glu

Lys

Trp
215

ORGANISM: Homo sapiens

FEATURE:
NAME/KEY: VARIANT
LOCATION: 53
FEATURE:

OTHER INFORMATION:

FEATURE:
NAME/KEY: VARIANT
LOCATION: 137
FEATURE:

OTHER INFORMATION:

FEATURE:
NAME/KEY: VARIANT
LOCATION: 184
FEATURE:

OTHER INFORMATION:

SEQUENCE: 21

1l Ser Arg Arg Asp
5

o Leu Ser Leu Leu
20

u Asp Lys Phe Ile
35

t Gln Ile Xaa His

Xaa

Xaa

Xaa

Lys

Met

Glu

Ala
55

Pro

Thr

Phe

40

Ser

Gly

Phe

Arg

Glu

120

Leu

Ala

Gln

Gly

Gln

200

Tyr

is

is

is

Ser

Met

Asp

40

Ile

Ala

Cys

25

Leu

Lys

Arg

Gln

Gln

105

Val

Ser

Phe

Ile

Glu

185

Arg

Gln

Asp

Leu

Gly

Lys
Asp
25

Tyr

Asp

Lys Ser

10
Phe Arg
Lys Glu
Val Val
Ser Asp
75
Asp Gln
90
Leu Glu
Gln Ala
Ser Leu
Asp Ala
155
Tyr Val
170
Phe Ser

Pro Thr

Asn

or Asn

or Phe

or Ser

Gln Val
10
Leu Arg

Leu Leu

Ile Ile

Phe
15

Leu Asp Lys

Met Gln Ile Xaa
30

Arg Cys
45

Phe Arg
Lys Gly Gly Ser
60

Ala Asp Leu Val
Leu Asn Arg Arg
95

Ala Cys Gln Arg
110

Pro Arg Trp Xaa
125

Gln Leu Gly Glu
140

Leu Gly Gln Leu

Leu Ile Glu
175

Lys

Phe Thr
190

Thr Cys

Lys Leu Lys Ser

205

Trp Glu Ala Val
15

Asn Thr Pro Ala
30

Pro Asp Thr Cys
45

Cys Gly Phe Leu
60

Ile

His

Gly

Ser

Val

80

Gly

Glu

Asn

Gly

Thr

160

Glu

Glu

Leu

Leu

Lys

Phe

Lys
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Glu Arg Cys

65

Phe Arg Gly

Lys Gly Gly Ser Ser

85

Asp Ala Asp Leu Val Val

100

Gln Leu Asn Arg Arg Gly

115

Glu Ala Cys Gln Arg Glu
130

Ala Pro Arg Trp Gly Asn

145

150

Leu Gln Leu Gly Glu Gly

165

Ala Leu Gly Gln Leu Thr

Lys

180

Leu Ile Glu Glu
195

Ser

Gly

Phe

Glu

Arg

135

Pro

Val

Gly

Cys

Leu

215

Ile

Xaa

Xaa

Xaa

Xaa

Thr

Asp

Ser Thr Cys Phe Thr Glu
210

Thr Lys Leu Lys Ser Leu

225 230

<210> SEQ ID NO 22

<211> LENGTH: 237

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 31

<220> FEATURE:

<223> OTHER INFORMATION:

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 115

<220> FEATURE:

<223> OTHER INFORMATION:

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 127

<220> FEATURE:

<223> OTHER INFORMATION:

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 162

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 22

Met Met Asp Leu Arg Asn
1 5

Glu Asp Tyr Leu Leu Pro

20
Ala Ile Asp Ile Ile Cys

Ser Ser Tyr Pro Val
50

35

Cys

Gly Lys Gly Thr Thr Leu

65

70

Phe Leu Ser Pro Leu Thr

85

Gly
Val
55

Arg

Thr

Ser

Lys

Leu

Phe

120

Ala

Arg

Glu

Xaa

Thr

200

Gln

Arg

is

is

is

is

Pro

Thr

Phe

40

Ser

Gly

Phe

Tyr

Gly

Ser

105

Ile

Xaa

Ala

Phe

Tyr

185

Asp

Arg

Leu

Asp

Leu

Gly

Gly

Ala

Cys

25

Leu

Lys

Arg

Gln

Pro

Thr

90

Pro

Gln

Ser

Leu

Asp

170

Lys

Leu

Asp

Val

Val

75

Thr

Leu

Glu

Val

Ser

155

Val

Pro

Gln

Phe

Lys
235

or Asn

or

Phe

or Arg

or

Lys

10

Phe

Lys

Val

Ser

Asp
90

Ser

Ser

Arg

Glu

Val

Asp

75

Gln

Cys Val Ser Lys

Leu Arg Gly Arg
95

Thr Thr Phe Gln
110

Ile Arg Arg Gln
125

Lys Phe Glu Val

140

Phe Val Leu Ser

Leu Pro Ala Phe
175

Asn Pro Gln Ile
190

Lys Glu Gly Glu
205

Leu Lys Gln Arg
220

His Trp Tyr Gln

Phe
15

Leu Asp Lys

Met Gln Ile Xaa
30

Arg Cys
45

Phe Arg

Lys Gly Gly Ser

Ala Asp Leu Val

Leu Asn Arg Arg
95

Val

Ser

Asp

Leu

Gln

Ser

160

Asp

Tyr

Phe

Pro

Asn
240

Ile

His

Gly

Ser

Val

80

Gly
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90

Glu

Arg

Pro

145

Gly

Cys

Leu

Ile

Ala
225

Phe Ile Gln Glu Ile Arg
100

Ala Xaa Ser Val Lys Phe
115

Arg Ala Leu Ser Phe Val
130 135

Glu Phe Asp Val Leu Pro
150

Xaa Tyr Lys Pro Asn Pro
165

Thr Asp Leu Gln Lys Glu
180

Gln Arg Asp Phe Leu Lys
195

Arg Leu Val Lys His Trp
210 215

Trp Trp Val Leu Ser Arg
230

<210> SEQ ID NO 23
<211> LENGTH: 259

<212> TYPE:

PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 53

<220> FEATURE:

<223> OTHER INFORMATION: Xaa
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 137

<220> FEATURE:

<223> OTHER INFORMATION: Xaa
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 184

<220> FEATURE:

<223> OTHER INFORMATION: Xaa

<400> SEQUENCE: 23

Ser

1

Leu

Ser

Arg

Glu

65

Asp

Gln

Glu

Ala
145

Val Ser Arg Arg Asp Lys
5

Pro Leu Ser Leu Leu Met
20

Leu Asp Lys Phe Ile Glu
35

Met Gln Ile Xaa His Ala
50 55

Arg Cys Phe Arg Gly Ser
70

Lys Gly Gly Ser Ser Gly
85

Ala Asp Leu Val Val Phe
100

Leu Asn Arg Arg Gly Glu
115

Ala Cys Gln Arg Glu Arg
130 135

Pro Arg Trp Gly Asn Pro
150

Arg

Glu

120

Leu

Ala

Gln

Gly

Gln

200

Tyr

Leu

is

is

is

Ser

Met

Asp

40

Ile

Ser

Lys

Leu

Phe

120

Ala

Arg

Gln

105

Val

Ser

Phe

Ile

Glu

185

Arg

Gln

Gly

Asp

Leu

Gly

Lys

Asp

25

Tyr

Asp

Tyr

Gly

Ser

105

Ile

Xaa

Ala

Leu

Gln

Ser

Asp

Tyr

170

Phe

Pro

Asn

Ala

Glu

Ala

Leu

Ala

155

Val

Ser

Thr

Val

Glu
235

or Asn

or Phe

or Ser

Gln

10

Leu

Leu

Ile

Pro

Thr

90

Pro

Gln

Ser

Leu

Val

Arg

Leu

Ile

Val

75

Thr

Leu

Glu

Val

Ser
155

Ala Cys Gln Arg
110

Pro Arg Trp Xaa
125

Gln Leu Gly Glu
140

Leu Gly Gln Leu
Lys Leu Ile Glu
175

Thr Cys Phe Thr
190

Lys Leu Lys Ser
205

Trp Pro Ser His
220

Glu Gly

Trp Glu Ala Val
15

Asn Thr Pro Ala
30

Pro Asp Thr Cys
45

Cys Gly Phe Leu
60

Cys Val Ser Lys

Leu Arg Gly Arg
95

Thr Thr Phe Gln
110

Ile Arg Arg Gln
125

Lys Phe Glu Val
140

Phe Val Leu Ser

Glu

Asn

Gly

Thr

160

Glu

Glu

Leu

Gln

Leu

Lys

Phe

Lys

Val

80

Ser

Asp

Leu

Gln

Ser
160
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Leu

Ala

Ser

Thr
225

Glu

Gln Leu Gly Glu Gly Val
165

Leu Gly Gln Leu Thr Gly
180

Lys Leu Ile Glu Glu Cys
195

Thr Cys Phe Thr Glu Leu
210 215

Glu

Xaa

Thr

200

Gln

Lys Leu Lys Ser Leu Ile Arg

230

Trp Pro Ser His Gln Ala
245

Glu Gly

<210> SEQ ID NO 24

<211> LENGTH: 256

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 64

<220> FEATURE:

<223> OTHER INFORMATION: Xaa
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 138

<220> FEATURE:

<223> OTHER INFORMATION: Xaa
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 185

<220> FEATURE:

<223> OTHER INFORMATION: Xaa

<400> SEQUENCE: 24

Ser

1

Leu

Lys

Phe

Lys

65

Ser

Asp

Leu

Gln

145

Ser

Asp

Val Ser Arg Arg Asp Lys
5

Pro Leu Ser Leu Leu Ser
20

Ser Leu Asp Lys Phe Ile
35

Arg Met Gln Ile Xaa His
50 55

Glu Arg Cys Phe Arg Gly
70

Val Lys Gly Gly Ser Ser

Asp Ala Asp Leu Val Val
100

Gln Leu Asn Arg Arg Gly
115

Glu Ala Cys Gln Arg Glu
130 135

Ala Pro Arg Trp Gly Asn
150

Leu Gln Leu Gly Glu Gly
165

Ala Leu Gly Gln Leu Thr
180

Trp

is

is

is

Ser

Met

Glu

40

Ala

Ser

Gly

Phe

Glu

120

Arg

Pro

Val

Gly

Phe

Tyr

185

Asp

Arg

Leu

Trp

Asp

Leu

Gly

Lys

Met

25

Asp

Ile

Ser

Lys

Leu

105

Phe

Ala

Arg

Glu

Xaa
185

Asp Val Leu
170

Lys Pro Asn

Leu Gln Lys

Asp Phe Leu
220

Val Lys His
235

Val Leu Ser
250

or Asn

or Phe

or Ser

Gln Val Trp
10

Asp Leu Arg

Tyr Leu Leu

Asp Ile Ile
60

Tyr Pro Val
75

Gly Thr Thr

Ser Pro Leu

Ile Gln Glu

Xaa Ser Val

140

Ala Leu Ser
155

Phe Asp Val
170

Tyr Lys Pro

Pro

Pro

Glu

205

Lys

Trp

Arg

Glu

Asn

Pro

45

Cys

Cys

Leu

Thr

Ile

125

Lys

Phe

Leu

Asn

Ala

Gln

190

Gly

Gln

Tyr

Leu

Ala

Thr

30

Asp

Gly

Val

Arg

Thr

110

Arg

Phe

Val

Pro

Pro
190

Phe

175

Ile

Glu

Arg

Gln

Gly
255

Val

15

Pro

Thr

Phe

Ser

Gly

Phe

Arg

Glu

Leu

Ala
175

Gln

Asp

Tyr

Phe

Pro

Asn

240

Ala

Leu

Ala

Cys

Leu

Lys

80

Arg

Gln

Gln

Val

Ser
160

Phe

Ile
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Tyr Val Lys Leu Ile Glu Glu Cys Thr Asp Leu Gln Lys Glu Gly Glu
195 200 205
Phe Ser Thr Cys Phe Thr Glu Leu Gln Arg Asp Phe Leu Lys Gln Arg
210 215 220
Pro Thr Lys Leu Lys Ser Leu Ile Arg Leu Val Lys His Trp Tyr Gln
225 230 235 240
Asn Val Trp Pro Ser His Pro Ala Cys Trp Tyr Leu Tyr Ile Phe Ile
245 250 255
<210> SEQ ID NO 25
<211> LENGTH: 233
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 31
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Asp or Asn
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 115
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Leu or Phe
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 127
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Gly or Arg
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 162
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Gly or Ser
<400> SEQUENCE: 25
Met Met Asp Leu Arg Asn Thr Pro Ala Lys Ser Leu Asp Lys Phe Ile
1 5 10 15
Glu Asp Tyr Leu Leu Pro Asp Thr Cys Phe Arg Met Gln Ile Xaa His
20 25 30
Ala Ile Asp Ile Ile Cys Gly Phe Leu Lys Glu Arg Cys Phe Arg Gly
35 40 45
Ser Ser Tyr Pro Val Cys Val Ser Lys Val Val Lys Gly Gly Ser Ser
50 55 60
Gly Lys Gly Thr Thr Leu Arg Gly Arg Ser Asp Ala Asp Leu Val Val
65 70 75 80
Phe Leu Ser Pro Leu Thr Thr Phe Gln Asp Gln Leu Asn Arg Arg Gly
85 90 95
Glu Phe Ile Gln Glu Ile Arg Arg Gln Leu Glu Ala Cys Gln Arg Glu
100 105 110
Arg Ala Xaa Ser Val Lys Phe Glu Val Gln Ala Pro Arg Trp Xaa Asn
115 120 125
Pro Arg Ala Leu Ser Phe Val Leu Ser Ser Leu Gln Leu Gly Glu Gly
130 135 140
Val Glu Phe Asp Val Leu Pro Ala Phe Asp Ala Leu Gly Gln Leu Thr
145 150 155 160
Gly Xaa Tyr Lys Pro Asn Pro Gln Ile Tyr Val Lys Leu Ile Glu Glu
165 170 175
Cys Thr Asp Leu Gln Lys Glu Gly Glu Phe Ser Thr Cys Phe Thr Glu
180 185 190
Leu Gln Arg Asp Phe Leu Lys Gln Arg Pro Thr Lys Leu Lys Ser Leu
195 200 205
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Ile Arg Leu Val Lys His Trp Tyr Gln Asn Val Trp Pro Ser His Pro
210 215 220

Ala Cys Trp Tyr Leu Tyr Ile Phe Ile
225 230

<210> SEQ ID NO 26

<211> LENGTH: 384

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 31

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Asp or Asn
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 115

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Leu or Phe
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 127

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Gly or Arg
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 162

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Ser or Gly
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 280

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Asn or Thr
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 330

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Pro or Ser

<400> SEQUENCE: 26

Met Met Asp Leu Arg Asn Thr Pro Ala Lys Ser Leu Asp Lys Phe Ile
1 5 10 15

Glu Asp Tyr Leu Leu Pro Asp Thr Cys Phe Arg Met Gln Ile Xaa His
20 25 30

Ala Ile Asp Ile Ile Cys Gly Phe Leu Lys Glu Arg Cys Phe Arg Gly
35 40 45

Ser Ser Tyr Pro Val Cys Val Ser Lys Val Val Lys Gly Gly Ser Ser
50 55 60

Gly Lys Gly Thr Thr Leu Arg Gly Arg Ser Asp Ala Asp Leu Val Val

Phe Leu Ser Pro Leu Thr Thr Phe Gln Asp Gln Leu Asn Arg Arg Gly
85 90 95

Glu Phe Ile Gln Glu Ile Arg Arg Gln Leu Glu Ala Cys Gln Arg Glu
100 105 110

Arg Ala Xaa Ser Val Lys Phe Glu Val Gln Ala Pro Arg Trp Xaa Asn
115 120 125

Pro Arg Ala Leu Ser Phe Val Leu Ser Ser Leu Gln Leu Gly Glu Gly
130 135 140

Val Glu Phe Asp Val Leu Pro Ala Phe Asp Ala Leu Gly Gln Leu Thr
145 150 155 160

Gly Xaa Tyr Lys Pro Asn Pro Gln Ile Tyr Val Lys Leu Ile Glu Glu
165 170 175

Cys Thr Asp Leu Gln Lys Glu Gly Glu Phe Ser Thr Cys Phe Thr Glu
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180

Leu Gln Arg Asp Phe Leu

195

Ile Arg Leu Val Lys His
210

Lys Leu Pro Pro Gln Tyr

225

230

Glu Arg Gly Ser Met Lys

245

Thr Val Leu Glu Leu Val

260

Thr Lys Tyr Tyr Asp Phe

275

Arg Gln Leu Thr Lys Pro
290

Thr Gly Asn Leu Gly Gly

305

310

Gln Glu Ala Glu Ala Trp

325

Gly Ser Pro Val Ser Ser

340

Glu Val Arg Ser Leu Ala

355

Gly Ile Gln Ala Gln Trp
370

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>
<220>

SEQ ID NO 27
LENGTH: 459
TYPE: PRT

Lys

Trp

215

Ala

Thr

Ile

Lys

Arg

295

Gly

Leu

Trp

Gln

Thr
375

ORGANISM: Homo sapiens

FEATURE:
NAME/KEY: VARIANT
LOCATION: 31
FEATURE:

OTHER INFORMATION:

FEATURE:
NAME/KEY: VARIANT
LOCATION: 115
FEATURE:

OTHER INFORMATION:

FEATURE:
NAME/KEY: VARIANT
LOCATION: 127
FEATURE:

OTHER INFORMATION:

FEATURE:
NAME/KEY: VARIANT
LOCATION: 162
FEATURE:

OTHER INFORMATION:

FEATURE:
NAME/KEY: VARIANT
LOCATION: 280
FEATURE:

OTHER INFORMATION:

FEATURE:
NAME/KEY: VARIANT
LOCATION: 330
FEATURE:

OTHER INFORMATION:

FEATURE:
NAME/KEY: VARIANT
LOCATION :
FEATURE:

OTHER INFORMATION:

FEATURE:

(361) ...

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Gln

200

Tyr

Leu

His

Asn

Xaa

280

Pro

Asp

Asn

Ile

Gly

360

Leu

is

is

is

is

is

is

is

185

Arg

Gln

Glu

Phe

Tyr

265

Pro

Val

Pro

Tyr

Leu

345

His

Lys

Asp

Leu

Gly

Ser

Asp

Pro

Gly

Pro

Thr

Asn Cys

Leu Leu

235

Asn Thr

250

Gln Gln

Ile

Ile

Lys

Xaa
330

Ile

Leu

Gly

315

Cys

Leu Met

Gln Leu

Pro

or

or

or

or

or

or

or

Val

Asn

Phe

Arg

Gly

Thr

Ser

Arg

190

Lys Leu Lys Ser
205

Lys Lys Lys Leu
220

Thr Val Tyr Ala
Ala Gln Gly Phe
255

Leu Cys Ile Tyr

270

Glu Lys Tyr Leu
285

Asp Pro Ala Asp
300

Trp Arg Gln Leu
Phe Lys Asn Trp
335

Arg Gln Arg Leu
350

Thr Ser Gly Gly
365

Leu Met Ser Leu
380

Leu

Gly

Trp

240

Arg

Trp

Arg

Pro

Ala

320

Asp

Arg

Asn

Cys
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-continued

<221> NAME/KEY: VARIANT

<222> LOCATION: (429)...(0)

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Lys or Arg

<400> SEQUENCE: 27

Met Met Asp Leu Arg Asn Thr Pro Ala Lys Ser Leu Asp Lys Phe Ile
1 5 10 15

Glu Asp Tyr Leu Leu Pro Asp Thr Cys Phe Arg Met Gln Ile Xaa His
20 25 30

Ala Ile Asp Ile Ile Cys Gly Phe Leu Lys Glu Arg Cys Phe Arg Gly
35 40 45

Ser Ser Tyr Pro Val Cys Val Ser Lys Val Val Lys Gly Gly Ser Ser
50 55 60

Gly Lys Gly Thr Thr Leu Arg Gly Arg Ser Asp Ala Asp Leu Val Val
65 70 75 80

Phe Leu Ser Pro Leu Thr Thr Phe Gln Asp Gln Leu Asn Arg Arg Gly
85 90 95

Glu Phe Ile Gln Glu Ile Arg Arg Gln Leu Glu Ala Cys Gln Arg Glu
100 105 110

Arg Ala Xaa Ser Val Lys Phe Glu Val Gln Ala Pro Arg Trp Xaa Asn
115 120 125

Pro Arg Ala Leu Ser Phe Val Leu Ser Ser Leu Gln Leu Gly Glu Gly
130 135 140

Val Glu Phe Asp Val Leu Pro Ala Phe Asp Ala Leu Gly Gln Leu Thr
145 150 155 160

Gly Xaa Tyr Lys Pro Asn Pro Gln Ile Tyr Val Lys Leu Ile Glu Glu
165 170 175

Cys Thr Asp Leu Gln Lys Glu Gly Glu Phe Ser Thr Cys Phe Thr Glu
180 185 190

Leu Gln Arg Asp Phe Leu Lys Gln Arg Pro Thr Lys Leu Lys Ser Leu
195 200 205

Ile Arg Leu Val Lys His Trp Tyr Gln Asn Cys Lys Lys Lys Leu Gly
210 215 220

Lys Leu Pro Pro Gln Tyr Ala Leu Glu Leu Leu Thr Val Tyr Ala Trp
225 230 235 240

Glu Arg Gly Ser Met Lys Thr His Phe Asn Thr Ala Gln Gly Phe Arg
245 250 255

Thr Val Leu Glu Leu Val Ile Asn Tyr Gln Gln Leu Cys Ile Tyr Trp
260 265 270

Thr Lys Tyr Tyr Asp Phe Lys Xaa Pro Ile Ile Glu Lys Tyr Leu Arg
275 280 285

Arg Gln Leu Thr Lys Pro Arg Pro Val Ile Leu Asp Pro Ala Asp Pro
290 295 300

Thr Gly Asn Leu Gly Gly Gly Asp Pro Lys Gly Trp Arg Gln Leu Ala
305 310 315 320

Gln Glu Ala Glu Ala Trp Leu Asn Tyr Xaa Cys Phe Lys Asn Trp Asp
325 330 335

Gly Ser Pro Val Ser Ser Trp Ile Leu Leu Leu Lys Ala Thr Val Gln
340 345 350

Thr Met Arg Pro Thr Ile Pro Gly Xaa Ile Arg Asn Met Val Thr Leu
355 360 365

Glu His Met Ser Thr Leu Ile Ser Leu Ile Asp Pro Ala His Ser Arg
370 375 380
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Gln His Pro Pro His Arg Gln Lys Arg Thr Gly Pro Ala Pro Ser Ser
385 390 395 400
Glu Cys Gln Cys Ile Leu Gly Glu Arg Ala Pro Val Leu Ser Gly Pro
405 410 415
Val Pro Ser Phe Ser Gly Gly Thr Leu Asp Pro Glu Xaa Thr Lys Leu
420 425 430
Leu Ser Glu Leu Val Tyr Asn Pro Gly Gln Asn Pro Gly Leu Leu Thr
435 440 445
Pro Gly Leu Leu Cys Pro Leu Ser Tyr His Arg
450 455
<210> SEQ ID NO 28
<211> LENGTH: 355
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 31
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Asp or Asn
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 115
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Leu or Phe
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 127
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Gly or Arg
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 162
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Ser or Gly
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 280
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Asp or Thr
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 330
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Pro or Ser
<400> SEQUENCE: 28
Met Met Asp Leu Arg Asn Thr Pro Ala Lys Ser Leu Asp Lys Phe Ile
1 5 10 15
Glu Asp Tyr Leu Leu Pro Asp Thr Cys Phe Arg Met Gln Ile Xaa His
20 25 30
Ala Ile Asp Ile Ile Cys Gly Phe Leu Lys Glu Arg Cys Phe Arg Gly
35 40 45
Ser Ser Tyr Pro Val Cys Val Ser Lys Val Val Lys Gly Gly Ser Ser
50 55 60
Gly Lys Gly Thr Thr Leu Arg Gly Arg Ser Asp Ala Asp Leu Val Val
65 70 75 80
Phe Leu Ser Pro Leu Thr Thr Phe Gln Asp Gln Leu Asn Arg Arg Gly
85 90 95
Glu Phe Ile Gln Glu Ile Arg Arg Gln Leu Glu Ala Cys Gln Arg Glu
100 105 110
Arg Ala Xaa Ser Val Lys Phe Glu Val Gln Ala Pro Arg Trp Xaa Asn
115 120 125
Pro Arg Ala Leu Ser Phe Val Leu Ser Ser Leu Gln Leu Gly Glu Gly
130 135 140
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Val Glu Phe Asp Val

145

Leu
150

Gly Xaa Tyr Lys Pro Asn

Cys

165

Thr Asp Leu Gln Lys

180

Leu Gln Arg Asp Phe Leu

195

Ile Arg Leu Val Lys His
210

Lys
225

Glu Arg Gly Ser Met

Thr Val

Thr Lys

Arg Gln Leu Thr Lys

Leu Pro Pro Gln Tyr

230

Lys
245

Leu Glu Leu Val
260

Tyr Tyr Asp Phe
275

Pro

290

Thr Gly Asn Leu Gly Gly

305

310

Gln Glu Ala Glu Ala Trp

325

Gly Ser Pro Val Ser Ser

340

Glu Ala Lys

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>
<220>

355

SEQ ID NO 29
LENGTH: 382
TYPE: PRT

Pro

Pro

Glu

Lys

Trp

215

Ala

Thr

Ile

Lys

Arg

295

Gly

Leu

Trp

ORGANISM: Homo sapiens

FEATURE:
NAME/KEY: VARIANT
LOCATION: 31
FEATURE:

OTHER INFORMATION:

FEATURE:
NAME/KEY: VARIANT
LOCATION: 115
FEATURE:

OTHER INFORMATION:

FEATURE:
NAME/KEY: VARIANT
LOCATION: 127
FEATURE:

OTHER INFORMATION:

FEATURE:
NAME/KEY: VARIANT
LOCATION: 162
FEATURE:

OTHER INFORMATION:

FEATURE:
NAME/KEY: VARIANT
LOCATION: 280
FEATURE:

OTHER INFORMATION:

FEATURE:
NAME/KEY: VARIANT
LOCATION: 330
FEATURE:

OTHER INFORMATION:

FEATURE:

Xaa

Xaa

Xaa

Xaa

Xaa

Xaa

Ala

Gln

Gly

Gln

200

Tyr

Leu

His

Asn

Xaa

280

Pro

Asp

Asn

Ile

is

is

is

is

is

is

Phe

Ile

Glu

185

Arg

Gln

Glu

Phe

Tyr

265

Pro

Val

Pro

Tyr

Leu
345

Asp

Leu

Gly

Ser

Asn

Pro

Asp
Tyr
170

Phe

Pro

Ala

155

Val

Ser

Thr

Asn Cys

Leu Leu

235

Asn Thr

250

Gln Gln

Ile

Ile

Lys

Xaa
330

Ile

Leu

Gly

315

Cys

Leu Ile

or

or

or

or

or

Asn

Phe

Arg

Gly

Thr

Ser

Leu Gly Gln Leu

Leu Ile Glu
175

Lys

Phe Thr
190

Thr Cys

Lys Leu Lys Ser

205
Lys Leu
220

Lys Lys

Thr Val Tyr Ala

Ala Gln Gly Phe

255
Leu Cys Ile Tyr
270

Glu Lys
285

Tyr Leu
Asp Pro Ala Asp
300

Trp Arg Gln Leu
Phe Lys Asn Trp
335

Lys Leu Arg Leu

350

Thr

160

Glu

Glu

Leu

Gly

Trp

240

Arg

Trp

Arg

Pro

Ala

320

Asp

Arg
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<221> NAME/KEY: VARIANT

<222> LOCATION: (372)...(0)

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Arg or Gly

<400> SEQUENCE: 29

Met Met Asp Leu Arg Asn Thr Pro Ala Lys Ser Leu Asp Lys Phe Ile
1 5 10 15

Glu Asp Tyr Leu Leu Pro Asp Thr Cys Phe Arg Met Gln Ile Xaa His
20 25 30

Ala Ile Asp Ile Ile Cys Gly Phe Leu Lys Glu Arg Cys Phe Arg Gly
35 40 45

Ser Ser Tyr Pro Val Cys Val Ser Lys Val Val Lys Gly Gly Ser Ser
50 55 60

Gly Lys Gly Thr Thr Leu Arg Gly Arg Ser Asp Ala Asp Leu Val Val
65 70 75 80

Phe Leu Ser Pro Leu Thr Thr Phe Gln Asp Gln Leu Asn Arg Arg Gly
85 90 95

Glu Phe Ile Gln Glu Ile Arg Arg Gln Leu Glu Ala Cys Gln Arg Glu
100 105 110

Arg Ala Xaa Ser Val Lys Phe Glu Val Gln Ala Pro Arg Trp Xaa Asn
115 120 125

Pro Arg Ala Leu Ser Phe Val Leu Ser Ser Leu Gln Leu Gly Glu Gly
130 135 140

Val Glu Phe Asp Val Leu Pro Ala Phe Asp Ala Leu Gly Gln Leu Thr
145 150 155 160

Gly Xaa Tyr Lys Pro Asn Pro Gln Ile Tyr Val Lys Leu Ile Glu Glu
165 170 175

Cys Thr Asp Leu Gln Lys Glu Gly Glu Phe Ser Thr Cys Phe Thr Glu
180 185 190

Leu Gln Arg Asp Phe Leu Lys Gln Arg Pro Thr Lys Leu Lys Ser Leu
195 200 205

Ile Arg Leu Val Lys His Trp Tyr Gln Asn Cys Lys Lys Lys Leu Gly
210 215 220

Lys Leu Pro Pro Gln Tyr Ala Leu Glu Leu Leu Thr Val Tyr Ala Trp
225 230 235 240

Glu Arg Gly Ser Met Lys Thr His Phe Asn Thr Ala Gln Gly Phe Arg
245 250 255

Thr Val Leu Glu Leu Val Ile Asn Tyr Gln Gln Leu Cys Ile Tyr Trp
260 265 270

Thr Lys Tyr Tyr Asp Phe Lys Xaa Pro Ile Ile Glu Lys Tyr Leu Arg
275 280 285

Arg Gln Leu Thr Lys Pro Arg Pro Val Ile Leu Asp Pro Ala Asp Pro
290 295 300

Thr Gly Asn Leu Gly Gly Gly Asp Pro Lys Gly Trp Arg Gln Leu Ala
305 310 315 320

Gln Glu Ala Glu Ala Trp Leu Asn Tyr Xaa Cys Phe Lys Asn Trp Asp
325 330 335

Gly Ser Pro Val Ser Ser Trp Ile Leu Leu Val Asn Leu Thr Leu Val
340 345 350

Gly Arg Arg Asn Tyr Pro Ile Ile Ser Glu His Ala Val Asn Leu Gln
355 360 365

Gln Thr Arg Xaa Ala Ser Leu Ser Tyr Ser Phe Gln Val Ala
370 375 380
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<210> SEQ ID NO 30
<211> LENGTH: 54
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 6
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Ala or Thr
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 15
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Arg or Thr
<400> SEQUENCE: 30
Ala Glu Ser Asn Ser Xaa Asp Asp Glu Thr Asp Asp Pro Arg Xaa Tyr
1 5 10 15
Gln Lys Tyr Gly Tyr Ile Gly Thr His Glu Tyr Pro His Phe Ser His
20 25 30
Arg Pro Ser Thr Leu Gln Ala Ala Ser Thr Pro Gln Ala Glu Glu Asp
35 40 45
Trp Thr Cys Thr Ile Leu
50
<210> SEQ ID NO 31
<211> LENGTH: 519
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 31
Gly Cys Thr Gly Ala Ala Ala Gly Cys Ala Ala Cys Ala Gly Thr Arg
1 5 10 15
Cys Ala Gly Ala Cys Gly Ala Thr Gly Ala Gly Ala Cys Cys Gly Ala
20 25 30
Cys Gly Ala Thr Cys Cys Cys Ala Gly Gly Ala Ser Gly Thr Ala Thr
35 40 45
Cys Ala Gly Ala Ala Ala Thr Ala Thr Gly Gly Thr Thr Ala Cys Ala
50 55 60
Thr Thr Gly Gly Ala Ala Cys Ala Cys Ala Thr Gly Ala Gly Thr Ala
65 70 75 80
Cys Cys Cys Thr Cys Ala Thr Thr Thr Cys Thr Cys Thr Cys Ala Thr
85 90 95
Ala Gly Ala Cys Cys Cys Ala Gly Cys Ala Cys Ala Cys Thr Cys Cys
100 105 110
Ala Gly Gly Cys Ala Gly Cys Ala Thr Cys Cys Ala Cys Cys Cys Cys
115 120 125
Ala Cys Ala Gly Gly Cys Ala Gly Ala Ala Gly Ala Gly Gly Ala Cys
130 135 140
Thr Gly Gly Ala Cys Cys Thr Gly Cys Ala Cys Cys Ala Thr Cys Cys
145 150 155 160
Thr Cys Thr Gly Ala Ala Thr Gly Cys Cys Ala Gly Thr Gly Cys Ala
165 170 175
Thr Cys Thr Thr Gly Gly Gly Gly Gly Ala Ala Ala Gly Gly Gly Cys
180 185 190
Thr Cys Cys Ala Gly Thr Gly Thr Thr Ala Thr Cys Thr Gly Gly Ala
195 200 205
Cys Cys Ala Gly Thr Thr Cys Cys Thr Thr Cys Ala Thr Thr Thr Thr
210 215 220
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110

Cys Ala Gly Gly Thr Gly

225

Thr Cys

Cys

Thr Cys

230

Cys Ala Gly Ala
245

Cys Thr Cys
260

Thr Gly Thr Ala Thr Ala

Gly Ala Ala Cys Cys

275

Cys

290

Ala Cys

305

Gly Cys

Thr
310

Thr Cys Cys

Cys Cys Thr Cys

325

Thr Ala Gly Ala Thr Ala

Cys Ala Gly Cys Cys

Cys Ala Cys

340

Thr
355

Cys Thr Ala

370

Ala Thr Ala Thr Thr Cys

385

390

Ala Ala Cys Ala Gly Ala

405

Thr Ala Ala Gly Ala Gly

Cys Ala Gly Cys Cys

Cys

420

Thr
435

Thr Gly Thr Gly Cys

450

Ala Gly Gly Gly Thr Ala

465

470

Thr Ala Thr Thr Ala Thr

485

Ala Ala Ala Ala Ala Thr

Cys

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>
<220>

500

Cys Ala Thr Thr Thr

515

SEQ ID NO 32
LENGTH: 295
TYPE: PRT

Gly

Gly

Ala

Ala

Ala

295

Gly

Thr

Ala

Cys

Thr

375

Cys

Gly

Ala

Thr

Ala

455

Ala

Cys

Ala

Ala

ORGANISM: Homo sapiens

FEATURE:
NAME/KEY: VARIANT
LOCATION: 31
FEATURE:

OTHER INFORMATION:

FEATURE:
NAME/KEY: VARIANT
LOCATION: 115
FEATURE:

OTHER INFORMATION:

FEATURE:
NAME/KEY: VARIANT
LOCATION: 127
FEATURE:

OTHER INFORMATION:

FEATURE:

Xaa

Xaa

Xaa

Gly

Ala

Gly

Thr

280

Gly

Gly

Ala

Cys

Ala

360

Thr

Cys

Ala

Ala

Gly

440

Cys

Thr

Ala

Ala

Ala

Arg

Thr

265

Cys

Gly

Cys

Thr

Ala

345

Cys

Cys

Thr

Gly

Thr

425

Ala

Cys

Gly

Ala

Ala
505

Cys

Gly

250

Gly

Cys

Thr

Cys

Cys

330

Thr

Thr

Thr

Gly

Ala

410

Gly

Cys

Thr

Thr

Thr

490

Gly

Thr

235

Ala

Ala

Ala

Cys

Thr

315

Cys

Thr

Thr

Cys

Ala

395

Thr

Ala

Thr

Gly

Cys

475

Ala

Cys

is Asp or Asn

is Leu or Phe

is Gly or Arg

Cys Thr Thr Gly

Cys Ala Ala Ala

255
Gly Cys Thr Gly
270

Gly Gly Ala Cys

285
Thr Cys Thr
300

Cys

Thr Cys Thr Ala

Thr Ala Thr Cys
335

Cys Thr Cys
350

Cys
Cys Ala Thr Thr
365

Thr Gly Ala Ala
380

Gly Ala Gly 2Ala
Thr Thr Ala Gly
415

Ala Ala Thr Thr
430

Thr Thr Cys Thr

445

Ala Thr Gly Gly
460

Thr Ala Ala Thr
Ala Cys Ala Ala
495

Ala Ala Ala Thr
510

Ala

240

Gly

Gly

Ala

Gly

Thr

320

Ala

Ala

Cys

Ala

Gly

400

Ala

Cys

Thr

Gly

Gly

480

Thr

Ala
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-continued

<221> NAME/KEY: VARIANT

<222> LOCATION: 162

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Ser or Gly
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 280

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Asn or Thr

<400> SEQUENCE: 32

Met Met Asp Leu Arg Asn Thr Pro Ala Lys Ser Leu Asp Lys Phe Ile
1 5 10 15

Glu Asp Tyr Leu Leu Pro Asp Thr Cys Phe Arg Met Gln Ile Xaa His
20 25 30

Ala Ile Asp Ile Ile Cys Gly Phe Leu Lys Glu Arg Cys Phe Arg Gly
35 40 45

Ser Ser Tyr Pro Val Cys Val Ser Lys Val Val Lys Gly Gly Ser Ser
50 55 60

Gly Lys Gly Thr Thr Leu Arg Gly Arg Ser Asp Ala Asp Leu Val Val

Phe Leu Ser Pro Leu Thr Thr Phe Gln Asp Gln Leu Asn Arg Arg Gly
85 90 95

Glu Phe Ile Gln Glu Ile Arg Arg Gln Leu Glu Ala Cys Gln Arg Glu
100 105 110

Arg Ala Xaa Ser Val Lys Phe Glu Val Gln Ala Pro Arg Trp Xaa Asn
115 120 125

Pro Arg Ala Leu Ser Phe Val Leu Ser Ser Leu Gln Leu Gly Glu Gly
130 135 140

Val Glu Phe Asp Val Leu Pro Ala Phe Asp Ala Leu Gly Gln Leu Thr
145 150 155 160

Gly Xaa Tyr Lys Pro Asn Pro Gln Ile Tyr Val Lys Leu Ile Glu Glu
165 170 175

Cys Thr Asp Leu Gln Lys Glu Gly Glu Phe Ser Thr Cys Phe Thr Glu
180 185 190

Leu Gln Arg Asp Phe Leu Lys Gln Arg Pro Thr Lys Leu Lys Ser Leu
195 200 205

Ile Arg Leu Val Lys His Trp Tyr Gln Asn Cys Lys Lys Lys Leu Gly
210 215 220

Lys Leu Pro Pro Gln Tyr Ala Leu Glu Leu Leu Thr Val Tyr Ala Trp
225 230 235 240

Glu Arg Gly Ser Met Lys Thr His Phe Asn Thr Ala Gln Gly Phe Arg
245 250 255

Thr Val Leu Glu Leu Val Ile Asn Tyr Gln Gln Leu Cys Ile Tyr Trp
260 265 270

Thr Lys Tyr Tyr Asp Phe Lys Xaa Pro Ile Ile Glu Lys Tyr Leu Arg
275 280 285

Arg Gln Leu Thr Lys Pro Arg
290 295

<210> SEQ ID NO 33

<211> LENGTH: 364

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 31

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Asp or Asn
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-continued
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 115
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Leu or Phe
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 127
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Gly or Arg
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 162
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Ser or Gly
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 280
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Asn or Thr
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 330
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Pro or Ser
<400> SEQUENCE: 33
Met Met Asp Leu Arg Asn Thr Pro Ala Lys Ser Leu Asp Lys Phe Ile
1 5 10 15
Glu Asp Tyr Leu Leu Pro Asp Thr Cys Phe Arg Met Gln Ile Xaa His
20 25 30
Ala Ile Asp Ile Ile Cys Gly Phe Leu Lys Glu Arg Cys Phe Arg Gly
35 40 45
Ser Ser Tyr Pro Val Cys Val Ser Lys Val Val Lys Gly Gly Ser Ser
50 55 60
Gly Lys Gly Thr Thr Leu Arg Gly Arg Ser Asp Ala Asp Leu Val Val
65 70 75 80
Phe Leu Ser Pro Leu Thr Thr Phe Gln Asp Gln Leu Asn Arg Arg Gly
85 90 95
Glu Phe Ile Gln Glu Ile Arg Arg Gln Leu Glu Ala Cys Gln Arg Glu
100 105 110
Arg Ala Xaa Ser Val Lys Phe Glu Val Gln Ala Pro Arg Trp Xaa Asn
115 120 125
Pro Arg Ala Leu Ser Phe Val Leu Ser Ser Leu Gln Leu Gly Glu Gly
130 135 140
Val Glu Phe Asp Val Leu Pro Ala Phe Asp Ala Leu Gly Gln Leu Thr
145 150 155 160
Gly Xaa Tyr Lys Pro Asn Pro Gln Ile Tyr Val Lys Leu Ile Glu Glu
165 170 175
Cys Thr Asp Leu Gln Lys Glu Gly Glu Phe Ser Thr Cys Phe Thr Glu
180 185 190
Leu Gln Arg Asp Phe Leu Lys Gln Arg Pro Thr Lys Leu Lys Ser Leu
195 200 205
Ile Arg Leu Val Lys His Trp Tyr Gln Asn Cys Lys Lys Lys Leu Gly
210 215 220
Lys Leu Pro Pro Gln Tyr Ala Leu Glu Leu Leu Thr Val Tyr Ala Trp
225 230 235 240
Glu Arg Gly Ser Met Lys Thr His Phe Asn Thr Ala Gln Gly Phe Arg
245 250 255
Thr Val Leu Glu Leu Val Ile Asn Tyr Gln Gln Leu Cys Ile Tyr Trp
260 265 270
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-continued
Thr Lys Tyr Tyr Asp Phe Lys Xaa Pro Ile Ile Glu Lys Tyr Leu Arg
275 280 285
Arg Gln Leu Thr Lys Pro Arg Pro Val Ile Leu Asp Pro Ala Asp Pro
290 295 300
Thr Gly Asn Leu Gly Gly Gly Asp Pro Lys Gly Trp Arg Gln Leu Ala
305 310 315 320
Gln Glu Ala Glu Ala Trp Leu Asn Tyr Xaa Cys Phe Lys Asn Trp Asp
325 330 335
Gly Ser Pro Val Ser Ser Trp Ile Leu Leu Val Arg Pro Pro Ala Ser
340 345 350
Ser Leu Pro Phe Ile Pro Ala Pro Leu His Glu Ala
355 360
<210> SEQ ID NO 34
<211> LENGTH: 400
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 31
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Asp or Asn
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 115
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Leu or Phe
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 127
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Gly or Arg
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 162
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Ser or Gly
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 280
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Asn or Thr
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 330
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Pro or Ser
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (352)...(0
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Ala or Thr
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (361)...(0
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Arg or Thr
<400> SEQUENCE: 34
Met Met Asp Leu Arg Asn Thr Pro Ala Lys Ser Leu Asp Lys Phe Ile
1 5 10 15
Glu Asp Tyr Leu Leu Pro Asp Thr Cys Phe Arg Met Gln Ile Xaa His
20 25 30
Ala Ile Asp Ile Ile Cys Gly Phe Leu Lys Glu Arg Cys Phe Arg Gly
35 40 45
Ser Ser Tyr Pro Val Cys Val Ser Lys Val Val Lys Gly Gly Ser Ser
50 55 60
Gly Lys Gly Thr Thr Leu Arg Gly Arg Ser Asp Ala Asp Leu Val Val
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65

70 75

Phe Leu Ser Pro Leu Thr Thr Phe Gln Asp Gln

85 90

Glu Phe Ile Gln Glu Ile Arg Arg Gln Leu Glu

100 105

Arg Ala Xaa Ser Val Lys Phe Glu Val Gln Ala

115 120

Pro Arg Ala Leu Ser Phe Val Leu Ser Ser Leu
130 135

Val Glu Phe Asp Val Leu Pro Ala Phe Asp Ala

145

150 155

Gly Xaa Tyr Lys Pro Asn Pro Gln Ile Tyr Val

165 170

Cys Thr Asp Leu Gln Lys Glu Gly Glu Phe Ser

180 185

Leu Gln Arg Asp Phe Leu Lys Gln Arg Pro Thr

195 200

Ile Arg Leu Val Lys His Trp Tyr Gln Asn Cys
210 215

Lys Leu Pro Pro Gln Tyr Ala Leu Glu Leu Leu

225

230 235

Glu Arg Gly Ser Met Lys Thr His Phe Asn Thr

245 250

Thr Val Leu Glu Leu Val Ile Asn Tyr Gln Gln

260 265

Thr Lys Tyr Tyr Asp Phe Lys Xaa Pro Ile Ile

275 280

Arg Gln Leu Thr Lys Pro Arg Pro Val Ile Leu
290 295

Thr Gly Asn Leu Gly Gly Gly Asp Pro Lys Gly

305

310 315

Gln Glu Ala Glu Ala Trp Leu Asn Tyr Xaa Cys

325 330

Gly Ser Pro Val Ser Ser Trp Ile Leu Leu Ala

340 345

Asp Asp Glu Thr Asp Asp Pro Arg Xaa Tyr Gln

355 360

Gly Thr His Glu Tyr Pro His Phe Ser His Arg
370 375

Ala Ala Ser Thr Pro Gln Ala Glu Glu Asp Trp

385

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>
<220>
<221>

390 395

SEQ ID NO 35

LENGTH: 414

TYPE: PRT

ORGANISM: Homo sapiens

FEATURE:

NAME/KEY: VARIANT

LOCATION: 31

FEATURE:

OTHER INFORMATION: Xaa is Asp or Asn
FEATURE:

NAME/KEY: VARIANT

LOCATION: 115

FEATURE:

OTHER INFORMATION: Xaa is Leu or Phe
FEATURE:

NAME/KEY: VARIANT

Leu

Ala

Pro

Gln

140

Leu

Lys

Thr

Lys

Lys

220

Thr

Ala

Leu

Glu

Asp

300

Trp

Phe

Glu

Lys

Pro

380

Thr

Asn

Cys

Arg

125

Leu

Gly

Leu

Cys

Leu

205

Lys

Val

Gln

Cys

Lys

285

Pro

Arg

Lys

Ser

Tyr

365

Ser

Cys

Arg

Gln

110

Trp

Gly

Gln

Ile

Phe

190

Lys

Lys

Tyr

Gly

Ile

270

Tyr

Ala

Gln

Asn

Asn

350

Gly

Thr

Thr

Arg

95

Arg

Xaa

Glu

Leu

Glu

175

Thr

Ser

Leu

Ala

Phe

255

Tyr

Leu

Asp

Leu

Trp

335

Ser

Tyr

Leu

Ile

80

Gly

Glu

Asn

Gly

Thr

160

Glu

Glu

Leu

Gly

Trp

240

Arg

Trp

Arg

Pro

Ala

320

Asp

Xaa

Ile

Gln

Leu
400
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-continued
<222> LOCATION: 127
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Gly or Arg
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 162
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Ser or Gly
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 280
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Asn or Thr
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 330
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Pro or Ser
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: (397)...(0
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Gly or Arg
<400> SEQUENCE: 35
Met Met Asp Leu Arg Asn Thr Pro Ala Lys Ser Leu Asp Lys Phe Ile
1 5 10 15
Glu Asp Tyr Leu Leu Pro Asp Thr Cys Phe Arg Met Gln Ile Xaa His
20 25 30
Ala Ile Asp Ile Ile Cys Gly Phe Leu Lys Glu Arg Cys Phe Arg Gly
35 40 45
Ser Ser Tyr Pro Val Cys Val Ser Lys Val Val Lys Gly Gly Ser Ser
50 55 60
Gly Lys Gly Thr Thr Leu Arg Gly Arg Ser Asp Ala Asp Leu Val Val
65 70 75 80
Phe Leu Ser Pro Leu Thr Thr Phe Gln Asp Gln Leu Asn Arg Arg Gly
85 90 95
Glu Phe Ile Gln Glu Ile Arg Arg Gln Leu Glu Ala Cys Gln Arg Glu
100 105 110
Arg Ala Xaa Ser Val Lys Phe Glu Val Gln Ala Pro Arg Trp Xaa Asn
115 120 125
Pro Arg Ala Leu Ser Phe Val Leu Ser Ser Leu Gln Leu Gly Glu Gly
130 135 140
Val Glu Phe Asp Val Leu Pro Ala Phe Asp Ala Leu Gly Gln Leu Thr
145 150 155 160
Gly Xaa Tyr Lys Pro Asn Pro Gln Ile Tyr Val Lys Leu Ile Glu Glu
165 170 175
Cys Thr Asp Leu Gln Lys Glu Gly Glu Phe Ser Thr Cys Phe Thr Glu
180 185 190
Leu Gln Arg Asp Phe Leu Lys Gln Arg Pro Thr Lys Leu Lys Ser Leu
195 200 205
Ile Arg Leu Val Lys His Trp Tyr Gln Asn Cys Lys Lys Lys Leu Gly
210 215 220
Lys Leu Pro Pro Gln Tyr Ala Leu Glu Leu Leu Thr Val Tyr Ala Trp
225 230 235 240
Glu Arg Gly Ser Met Lys Thr His Phe Asn Thr Ala Gln Gly Phe Arg
245 250 255
Thr Val Leu Glu Leu Val Ile Asn Tyr Gln Gln Leu Cys Ile Tyr Trp
260 265 270
Thr Lys Tyr Tyr Asp Phe Lys Xaa Pro Ile Ile Glu Lys Tyr Leu Arg
275 280 285
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Arg Gln Leu
290

Thr Gly Asn
305

Gln Glu Ala

Gly Ser Pro

Ser Ile His

355

Asn Ala Ser
370

Phe Leu His
385

Ser Val Ser

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Lys Pro Arg Pro

295

Leu Gly Gly Gly Asp
310

Glu Ala Trp Leu Asn

325

Val Ser Ser Trp Ile

340

Pro Thr Gly Arg Arg

360

Ala Ser Trp Gly Lys

375

Phe Gln Val Gly Leu
390

Trp Cys Ile Ile Gln

405
D NO 36
H: 1387

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 36

gaggcagtte

aaatctctgg

atcaaccatg

tcctaccetyg

ctcagaggec

gatcagttaa

caaagagaga

cgtgegetcea

ctgectgect

tatgtcaage

ttcacagaac

cgectagtea

tatgcecctygyg

aacacagccc

atctactgga

cagctcacga

ggtggagacc

ccatgettta

cctgettect

gagaccattce

caggctgtge

acatcccttyg

tattgactgt

tgttgccact

acaagttcat

ccattgacat

tgtgtgtgte

gatctgacge

atcgccgggg

gagcatttte

gettegtact

ttgatgcect

tcatcgagga

tacagagaga

agcactggta

agctectgac

agggatttecg

caaagtatta

aacccaggec

caaagggttyg

agaattggga

ccctgecatt

tttccaaaga

tccatatttt

tccagaatte

ctgetteggy

ctctetectyg

tgaagactat

catctgtggyg

caaggtggta

tgacctggtt

agagttcatc

cgtgaagttt

gagttegete

gggtcagttg

gtgcaccgac

cttectgaag

ccaaaattgt

ggtctatget

gacggtetty

tgactttaaa

tgtgatcctyg

gaggcagetg

tgggtcceca

catcecetgec

acttacctct

acagtcattt

attcccectaa

ctcaggttet

Val

Pro

Tyr

Leu

345

Gly

Gly

Leu

Asp

Ile

Lys

Xaa

330

Leu

Leu

Leu

Ile

Arg
410

Leu

Gly

315

Cys

Thr

Asp

Gln

Gln

395

Thr

tcaatgatgg

ctcttgecag

ttcctgaagy

aagggtggct

gtcttectea

caggaaatta

gaggtccagg

cagctcgggg

actggerget

ctgcagaaag

cagcgecceca

aagaagaagc

tgggagcgag

gaattagtca

aaccccatta

gacccggcgg

gcacaagagg

gtgagctect

cctetecatg

tgccaaagge

tggtcacaat

gagtaataat

gtcctaagee

Asp Pro Ala
300

Trp Arg Gln

Phe Lys Asn

Gln His Thr

350

Leu His His
365

Cys Tyr Leu
380

Arg Xaa Gln

Gln Val Ser

atctcagaaa
acacgtgttt
aaaggtgett
cctcaggceaa
gtceteteac
ggagacagct
ctccacgety
agggggtgga
ataaacctaa
agggcgagtt
ccaagctcaa
ttgggaagct
ggagcatgaa
taaactacca
ttgaaaagta
accctacagg
ctgaggectyg
ggattctget
aagcttgaga
catttatatt
cgagggttte
aaataatctce

ctttaatatg

Asp Pro
Leu Ala
320

Trp Asp
335

Pro Gly

Pro Leu

Asp Gln

Ser Ser
400

taccccagee
ccgcatgeaa
ccgaggtage
gggcaccacce
cacttttcag
ggaagcctgt
gggcaaccce
gttegatgtyg
cccccaaate
ctccacctyge
gagcctcate
gccacctceag
aacacatttce
gcaactctge
cctgagaagyg
aaacttgggt
gctgaattac
ggtgagacct
catatagctyg
catatagtga
tggaatttte
taacaccatt

cactctctca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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ttaaata

<210> SEQ ID NO 37
<211> LENGTH: 1699

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 37

gaggcagtte
aaatctctgg
atcaaccatg
tcctaccetyg
ctcagaggec
gatcagttaa
caaagagaga
cgtgegetcea
ctgectgect
tatgtcaage
ttcacagaac
cgectagtea
tatgcecctygyg
aacacagccc
atctactgga
cagctcacga
ggtggagace
ccatgettta
aacagtrcag
acacatgagt
caggcagaag
ggctccagty
gacaaagctce
tggectteta
acctattcte
ttccagectt
taacaataaa
ccaagaagta

aaatatttat

tgttgccact

acaagttcat

ccattgacat

tgtgtgtgte

gatctgacge

atcgccgggg

gagcatttte

gettegtact

ttgatgcect

tcatcgagga

tacagagaga

agcactggta

agctectgac

agggatttecg

caaagtatta

aacccaggec

caaagggttyg

agaattggga

acgatgagac

accctcattt

aggactggac

ttatctggac

ctcagtgage

tgcecctetat

tgaaaatatt

gactttette

aataaagcaa

cagatgcata

tgagcactt

<210> SEQ ID NO 38
<211> LENGTH: 1601

<212> TYPE:

DNA

ctctetectyg

tgaagactat

catctgtggyg

caaggtggta

tgacctggtt

agagttcatc

cgtgaagttt

gagttegete

gggtcagttg

gtgcaccgac

cttectgaag

ccaaaattgt

ggtctatget

gacggtetty

tgactttaaa

tgtgatcctyg

gaggcagetg

tgggtcceca

cgacgatcce

ctctcataga

ctgcaccatce

cagttectte

tggtgtataa

cctatcatag

ccctgagaga

tgtgcacctyg

ataccattta

tctaggggta

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 38

tcaatgatgg atctcagaaa

ctcttgecag acacgtgttt

ttcectgaagy aaaggtgett

aagggtggcet cctcaggcaa

gtcttecteca gtectcetcac

caggaaatta ggagacagct

gaggtccagg ctccacgetg

cagctegggg agggggtgga

actggcerget ataaacctaa

ctgcagaaag agggcgagtt

cagcgeccca ccaagctcaa

aagaagaagc ttgggaagcet

tgggagcgag ggagcatgaa

gaattagtca taaactacca

aaccccatta ttgaaaagta

gacceggegyg accctacagg

gcacaagagg ctgaggcectg

gtgagctect ggattcetget

aggasgtatc agaaatatgg

cccagcacac tccaggcage

ctctgaatge cagtgcatct

attttcaggt gggactcttg

tccaggacag aacccaggte

ataacattct ccacagecte

gaacagagag atttagataa

atgggagggt aatgtctaat

ttgggtgttt attaacttca

ttgtgtgtgt atatacattg

taccccagee

ccgcatgeaa

ccgaggtage

gggcaccacce

cacttttcag

ggaagcctgt

gggcaaccce

gttegatgtyg

cccccaaate

ctccacctyge

gagcctcate

gccacctceag

aacacatttce

gcaactctge

cctgagaagyg

aaacttgggt

gctgaattac

ggctgaaage

ttacattgga

atccacccca

tgggggaaag

atccagagar

tcctgactee

acttcattcce

gagaatgaaa

gtattatcaa

aggcacagag

attcaacaag

gaggcagttc tgttgccact ctctctectyg tcaatgatgg atctcagaaa taccccagec

aaatctctgg acaagttcat tgaagactat ctettgecag acacgtgttt ccgcatgcaa

1387

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1699

60

120
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atcaaccatg ccattgacat catctgtggg ttectgaagg aaaggtgctt ccgaggtage 180
tcctaccetyg tgtgtgtgte caaggtggta aagggtgget cctcaggcaa gggcaccace 240
ctcagaggcee gatctgacge tgacctggtt gtettectea gtectctcac cacttttcag 300
gatcagttaa atcgccgggg agagttcatc caggaaatta ggagacagcet ggaagcctgt 360
caaagagaga gagcattttc cgtgaagttt gaggtccagyg ctccacgetyg gggcaaccce 420
cgtgegetcea gettegtact gagttegete cagetegggyg agggggtgga gttegatgtg 480
ctgcctgect ttgatgecct gggtcagttg actggcrget ataaacctaa cccccaaatce 540
tatgtcaagce tcatcgagga gtgcaccgac ctgcagaaag agggcgagtt ctccacctge 600
ttcacagaac tacagagaga cttcctgaag cagcgcccca ccaagctcaa gagectcate 660
cgectagtca agcactggta ccaaaattgt aagaagaage ttgggaagcet gccacctcag 720
tatgeccctgg agctectgac ggtctatget tgggagcgag ggagcatgaa aacacattte 780
aacacagcce agggatttcg gacggtettg gaattagtca taaactacca gcaactctge 840
atctactgga caaagtatta tgactttaaa aaccccatta ttgaaaagta cctgagaagg 900
cagctcacga aacccaggcece tgtgatectg gaccceggegyg accctacagyg aaacttgggt 960
ggtggagacc caaagggttg gaggcagcetg gcacaagagg ctgaggectg gcetgaattac 1020
ccatgcttta agaattggga tgggtcccca gtgagctect ggattctget gacccagcac 1080
actccaggca gcatccacce cacaggcaga agaggactgg acctgcacca tcctctgaat 1140
gccagtgcat cttgggggaa agggctccag tgttatctgg accagttect tcattttceag 1200
gtgggactct tgatccagag argacaaagc tcctcagtga gctggtgtat aatccaggac 1260
agaacccagg tctcctgact cctggectte tatgeccctet atcctatcat agataacatt 1320
ctccacagcece tcacttcatt ccacctattce tctgaaaata ttccecctgaga gagaacagag 1380
agatttagat aagagaatga aattccagcc ttgactttct tectgtgcacce tgatgggagg 1440
gtaatgtcta atgtattatc aataacaata aaaataaagc aaataccatt tattgggtgt 1500
ttattaactt caaggcacag agccaagaag tacagatgca tatctagggg tattgtgtgt 1560
gtatatacat tgattcaaca agaaatattt attgagcact t 1601
<210> SEQ ID NO 39
<211> LENGTH: 1698
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 39
gaggcagtte tgttgccact ctctctectg tcaatgatgg atctcagaaa taccccagec 60
aaatctctgg acaagttcat tgaagactat ctettgccag acacgtgttt ccgcatgcaa 120
atcaaccatg ccattgacat catctgtggg ttectgaagg aaaggtgctt ccgaggtage 180
tcctaccetyg tgtgtgtgte caaggtggta aagggtgget cctcaggcaa gggcaccace 240
ctcagaggcee gatctgacge tgacctggtt gtettectea gtectctcac cacttttcag 300
gatcagttaa atcgccgggg agagttcatc caggaaatta ggagacagcet ggaagcctgt 360
caaagagaga gagcattttc cgtgaagttt gaggtccagyg ctccacgetyg gggcaaccce 420
cgtgegetcea gettegtact gagttegete cagetegggyg agggggtgga gttegatgtg 480
ctgcctgect ttgatgecct gggtcagttg actggcrget ataaacctaa cccccaaatce 540
tatgtcaagce tcatcgagga gtgcaccgac ctgcagaaag agggcgagtt ctccacctge 600
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ttcacagaac tacagagaga cttcctgaag cagcgcccca ccaagctcaa gagectcate 660
cgectagtca agcactggta ccaaaattgt aagaagaage ttgggaagcet gccacctcag 720
tatgeccctgg agctectgac ggtctatget tgggagcgag ggagcatgaa aacacattte 780
aacacagcce agggatttcg gacggtettg gaattagtca taaactacca gcaactctge 840
atctactgga caaagtatta tgactttaaa aaccccatta ttgaaaagta cctgagaagg 900
cagctcacga aacccaggcece tgtgatectg gaccceggegyg accctacagyg aaacttgggt 960
ggtggagacc caaagggttg gaggcagcetg gcacaagagg ctgaggectg gcetgaattac 1020
ccatgcttta agaattggga tgggtcccca gtgagctect ggattctget getgaaagca 1080
acagtrcaga cgatgagacc gacgatccca ggasgtatca gaaatatggt tacattggaa 1140
cacatgagta ccctcattte tcectcatagac ccagcacact ccaggcagca tccaccccac 1200
aggcagaaga ggactggacc tgcaccatcc tctgaatgcce agtgcatctt gggggaaagg 1260
gctecagtgt tatctggacce agttcecttca ttttcaggtg ggactcttga tccagagarg 1320
acaaagctcce tcagtgagcet ggtgtataat ccaggacaga acccaggtct cctgactcect 1380
ggccttctat gecctcectate ctatcataga taacattctce cacagcctca cttcattceca 1440
cctattcectet gaaaatattc cctgagagag aacagagaga tttagataag agaatgaaat 1500
tccagecttg actttcecttet gtgcacctga tgggagggta atgtctaatg tattatcaat 1560
aacaataaaa ataaagcaaa taccatttat tgggtgttta ttaacttcaa ggcacagagc 1620
caagaagtac agatgcatat ctaggggtat tgtgtgtgta tatacattga ttcaacaaga 1680
aatatttatt gagcactt 1698
<210> SEQ ID NO 40
<211> LENGTH: 2491
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 40
gaggcagtte tgttgccact ctctctectg tcaatgatgg atctcagaaa taccccagec 60
aaatctctgg acaagttcat tgaagactat ctettgccag acacgtgttt ccgcatgcaa 120
atcaaccatg ccattgacat catctgtggg ttectgaagg aaaggtgctt ccgaggtage 180
tcctaccetyg tgtgtgtgte caaggtggta aagggtgget cctcaggcaa gggcaccace 240
ctcagaggcee gatctgacge tgacctggtt gtettectea gtectctcac cacttttcag 300
gatcagttaa atcgccgggg agagttcatc caggaaatta ggagacagcet ggaagcctgt 360
caaagagaga gagcattttc cgtgaagttt gaggtccagyg ctccacgetyg gggcaaccce 420
cgtgegetcea gettegtact gagttegete cagetegggyg agggggtgga gttegatgtg 480
ctgcctgect ttgatgecct gggtcagttg actggcrget ataaacctaa cccccaaatce 540
tatgtcaagce tcatcgagga gtgcaccgac ctgcagaaag agggcgagtt ctccacctge 600
ttcacagaac tacagagaga cttcctgaag cagcgcccca ccaagctcaa gagectcate 660
cgectagtca agcactggta ccaaaattgt aagaagaage ttgggaagcet gccacctcag 720
tatgeccctgg agctectgac ggtctatget tgggagcgag ggagcatgaa aacacattte 780
aacacagcce agggatttcg gacggtettg gaattagtca taaactacca gcaactctge 840
atctactgga caaagtatta tgactttaaa aaccccatta ttgaaaagta cctgagaagg 900
cagctcacga aacccaggcece tgtgatectg gaccceggegyg accctacagyg aaacttgggt 960
ggtggagacc caaagggttg gaggcagcetg gcacaagagg ctgaggectg gcetgaattac 1020
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ccatgcttta agaattggga tgggtcccca gtgagctect ggattctget gatgagacaa 1080
aggctcagag aggtgaggtc acttgctcaa ggacatcagc taacaagtgg tggaaatgga 1140
attcaagctc agtggactct aaagccagtg ctcatgtcac tgtgctaaac agcctgectt 1200
gtcacatcecce cacctctcat ctgaccaatg ggagactctg agcagctgag tgacttgggt 1260
tgtcacacag ctaaacaggg gcaaaggacc cagtcttgga tctttceccacce tccaagcagg 1320
aatctgtctg attccagggg attgatgatg ttgcagatgg ctaggaagca gactccagga 1380
tggaatttag tatgcaggat gttctggggg agagccactg gaaccagcac tcagggaaag 1440
gggggaagaa aggataggaa ggaagcatga aagagaatag ggagaagtga acagggatgce 1500
agagcgaatg ccagtttcag ccaactccaa ggacagccect ggagctggaa tggcectttag 1560
agctgccecca tggtgacaga ggtggccagg cttcectatacce cctacgtgga tcactcactg 1620
tgcttgggca ccttgggaaa gggcatggct ttgagcaaaa ggctctctge agctgaggca 1680
acccctaaaa gggctgacgg ctgaagtctg tctgctgacce actgtcccag cagcectggggce 1740
ttgttagtcce ttcctcaaag ggggatccag atggcatgtc acagtgtcta ccgtaaatgce 1800
tcactgaatc cagctgcaat gcaggaagac tccctgatgt gatcatgtgt ctcacccttt 1860
cargctgaaa gcaacagtrc agacgatgag accgacgatc ccaggasgta tcagaaatat 1920
ggttacattyg gaacacatga gtaccctcat ttctctcata gacccagcac actccaggca 1980
gcatccacee cacaggcaga agaggactgg acctgcacca tcectctgaat gecagtgeat 2040
cttgggggaa agggctccag tgttatctgg accagttect tcattttcag gtgggactct 2100
tgatccagag argacaaagc tcctcagtga gctggtgtat aatccaggac agaacccagg 2160
tctectgact cectggectte tatgcecectcet atcctatcat agataacatt cteccacagece 2220
tcacttcatt ccacctattc tctgaaaata ttccctgaga gagaacagag agatttagat 2280
aagagaatga aattccagcc ttgactttct tctgtgcacce tgatgggagg gtaatgtcta 2340
atgtattatc aataacaata aaaataaagc aaataccatt tattgggtgt ttattaactt 2400
caaggcacag agccaagaag tacagatgca tatctagggg tattgtgtgt gtatatacat 2460
tgattcaaca agaaatattt attgagcact t 2491
<210> SEQ ID NO 41
<211> LENGTH: 1510
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 41
gaggcagtte tgttgccact ctctctectg tcaatgatgg atctcagaaa taccccagec 60
aaatctctgg acaagttcat tgaagactat ctettgccag acacgtgttt ccgcatgcaa 120
atcaaccatg ccattgacat catctgtggg ttectgaagg aaaggtgctt ccgaggtage 180
tcctaccetyg tgtgtgtgte caaggtggta aagggtgget cctcaggcaa gggcaccace 240
ctcagaggcee gatctgacge tgacctggtt gtettectea gtectctcac cacttttcag 300
gatcagttaa atcgccgggg agagttcatc caggaaatta ggagacagcet ggaagcctgt 360
caaagagaga gagcattttc cgtgaagttt gaggtccagyg ctccacgetyg gggcaaccce 420
cgtgegetcea gettegtact gagttegete cagetegggyg agggggtgga gttegatgtg 480
ctgcctgect ttgatgecct gggtcagttg actggcrget ataaacctaa cccccaaatce 540
tatgtcaagce tcatcgagga gtgcaccgac ctgcagaaag agggcgagtt ctccacctge 600
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ttcacagaac tacagagaga cttcctgaag cagcgcccca ccaagctcaa gagectcate 660
cgectagtca agcactggta ccaaaattgt aagaagaage ttgggaagcet gccacctcag 720
tatgeccctgg agctectgac ggtctatget tgggagcgag ggagcatgaa aacacattte 780
aacacagcce agggatttcg gacggtettg gaattagtca taaactacca gcaactctge 840
atctactgga caaagtatta tgactttaaa aaccccatta ttgaaaagta cctgagaagg 900
cagctcacga aacccaggcece tgtgatectg gaccceggegyg accctacagyg aaacttgggt 960
ggtggagacc caaagggttg gaggcagcetg gcacaagagg ctgaggectg gcetgaattac 1020
ccatgcttta agaattggga tgggtcccca gtgagctect ggattctget ggtaaacctce 1080
acactggttg gcagaaggaa ctataccaat aattagtgaa catgcggtga atttgcaaca 1140
gacaagasga gcctcattat cctatagttt ccaggttgct tagggaggca gaaatcacag 1200
caaggaaaac cttcaataat aaacagacgt ctcataaaat taattgcaac ccaacctctc 1260
tctctactta aaattagcat ctatttccag ctectgctttce aatgccccat atgaatacat 1320
gtgaactcece tcecectectett ccteecctgte tecttetcete tetectetgte cctcecattaaa 1380
aaataaaatt taagaaaaaa atacaaggta gatttacaca aatagtggga tctcagtctt 1440
gagttagctg tgtatgactg aaaaggatgc tgtggttaat aattatcata aaaacaatga 1500
catggccggg 1510
<210> SEQ ID NO 42
<211> LENGTH: 1695
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 42
gaggcagtte tgttgccact ctctctectg tcaatgatgg atctcagaaa taccccagec 60
aaatctctgg acaagttcat tgaagactat ctettgccag acacgtgttt ccgcatgcaa 120
atcaaccatg ccattgacat catctgtggg ttectgaagg aaaggtgctt ccgaggtage 180
tcctaccetyg tgtgtgtgte caaggtggta aagggtgget cctcaggcaa gggcaccace 240
ctcagaggcee gatctgacge tgacctggtt gtettectea gtectctcac cacttttcag 300
gatcagttaa atcgccgggg agagttcatc caggaaatta ggagacagcet ggaagcctgt 360
caaagagaga gagcattttc cgtgaagttt gaggtccagyg ctccacgetyg gggcaaccce 420
cgtgegetcea gettegtact gagttegete cagetegggyg agggggtgga gttegatgtg 480
ctgcctgect ttgatgecct gggtcagttg actggcrget ataaacctaa cccccaaatce 540
tatgtcaagce tcatcgagga gtgcaccgac ctgcagaaag agggcgagtt ctccacctge 600
ttcacagaac tacagagaga cttcctgaag cagcgcccca ccaagctcaa gagectcate 660
cgectagtca agcactggta ccaaaattgt aagaagaage ttgggaagcet gccacctcag 720
tatgeccctgg agctectgac ggtctatget tgggagcgag ggagcatgaa aacacattte 780
aacacagcce agggatttcg gacggtettg gaattagtca taaactacca gcaactctge 840
atctactgga caaagtatta tgactttaaa aaccccatta ttgaaaagta cctgagaagg 900
cagctcacga aacccaggcece tgtgatectg gaccceggegyg accctacagyg aaacttgggt 960
ggtggagacc caaagggttg gaggcagcetg gcacaagagg ctgaggectg gcetgaattac 1020
ccatgcttta agaattggga tgggtcccca gtgagctect ggattctget gataaaactg 1080
aggctcagag aagctaagtg actcgectgg gactgcacag caaatcaaga caaataagac 1140
ctagggtctce ctgactgcca gagtggagat gcttctatag gecttttctca ctgatgetcet 1200
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ctgggcagac aggctcctca atatgagagt gacacacact cctttcttca ttttcaggta 1260
aacctcacac tggttggcag aaggaactat ccaataatta gtgaacatgc ggtgaatttg 1320
caacagacaa gasgagcctc attatcctat agtttccagg ttgcttaggg aggcagaaat 1380
cacagcaagg aaaaccttca ataataaaca gacgtctcat aaaattaatt gcaacccaac 1440
ctctctetet acttaaaatt agcatctatt tccagctetg ctttcaatge cccatatgaa 1500
tacatgtgaa ctccctceect ctettectee ctgtcectectt ctectectcectet ctgtecectcea 1560
ttaaaaaata aaatttaaga aaaaaataca aggtagattt acacaaatag tgggatctca 1620
gtcttgagtt agctgtgtat gactgaaaag gatgctgtgg ttaataatta tcataaaaac 1680
aatgacatgg ccggg 1695
<210> SEQ ID NO 43

<211> LENGTH: 1355

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 43

gaggcagttc tgttgccact ctctctectyg tcaatgatgg atctcagaaa taccccagec 60
aaatctctgg acaagttcat tgaagactat ctettgecag acacgtgttt ccgcatgcaa 120
atcaaccatg ccattgacat catctgtggg ttectgaagg aaaggtgett ccgaggtage 180
tcctaccctyg tgtgtgtgte caaggtggta aagggtgget cetcaggcaa gggcaccacce 240
ctcagaggece gatctgacge tgacctggtt gtettectea gtectetcac cacttttcag 300
gatcagttaa atcgccgggg agagttcatce caggaaatta ggagacaget ggaagectgt 360
caaagagaga gagcattttc cgtgaagttt gaggtccagg ctccacgetyg gggcaaccece 420
cgtgegetca gettegtact gagttegete cagetegggg agggggtgga gttegatgtg 480
ctgectgect ttgatgecct gggtcagttyg actggerget ataaacctaa cccccaaatce 540
tatgtcaage tcatcgagga gtgcaccgac ctgcagaaag agggcgagtt ctccacctge 600
ttcacagaac tacagagaga cttcctgaag cagcgcccca ccaagcetcaa gagectcate 660
cgectagtca agcactggta ccaaaattgt aagaagaage ttgggaaget gccacctcag 720
tatgccctgg agetectgac ggtctatget tgggagegag ggagcatgaa aacacattte 780
aacacagccce agggattteg gacggtettg gaattagtca taaactacca gcaactctge 840
atctactgga caaagtatta tgactttaaa aaccccatta ttgaaaagta cctgagaagg 900
cagctcacga aacccaggta aacctcacac tggttggcag aaggaactat ccaataatta 960

gtgaacatgc ggtgaatttg caacagacaa gasgagcctc attatcctat agtttccagg 1020
ttgcttaggg aggcagaaat cacagcaagg aaaaccttca ataataaaca gacgtctcat 1080
aaaattaatt gcaacccaac ctctctctct acttaaaatt agcatctatt tceccagcetcectg 1140
ctttcaatgc cccatatgaa tacatgtgaa ctcecctcecect ctcttectee ctgtcetectt 1200
ctctetetet ctgteccctca ttaaaaaata aaatttaaga aaaaaataca aggtagattt 1260
acacaaatag tgggatctca gtcttgagtt agctgtgtat gactgaaaag gatgctgtgg 1320
ttaataatta tcataaaaac aatgacatgg ccggg 1355
<210> SEQ ID NO 44

<211> LENGTH: 1035

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 44

gaggcagttc tgttgccact ctctctectg tcaatgatgg atctcagaaa taccccagec 60
aaatctctgg acaagttcat tgaagactat ctcttgccag acacgtgttt ccgcatgcaa 120
atcaaccatg ccattgacat catctgtggg ttcctgaagg aaaggtgctt ccgaggtagce 180
tcctaccectg tgtgtgtgte caaggtggta aagtgtaaga agaagcttgg gaagctgcca 240
cctcagtatg cecctggaget cctgacggte tatgcettggg agcgagggag catgaaaaca 300
catttcaaca cagcccaggg atttcggacg gtcttggaat tagtcataaa ctaccagcaa 360
ctctgecatct actggacaaa gtattatgac tttaaaaacc ccattattga aaagtacctg 420
agaaggcagc tcacgaaacc caggcctgtg atcctggacce cggeggaccce tacaggaaac 480

ttgggtggty gagacccaaa gggttggagg cagctggcac aagaggctga ggectggetg 540

aattacccat gctttaagaa ttgggatggg tccccagtga gcetectggat tetgetggta 600
aacctcacac tggttggcag aaggaactat ccaataatta gtgaacatgc ggtgaatttg 660
caacagacaa gasgagcctc attatcctat agtttccagyg ttgcttaggyg aggcagaaat 720
cacagcaagg aaaaccttca ataataaaca gacgtctcat aaaattaatt gcaacccaac 780
ctetetetet acttaaaatt agcatctatt tecagctcetg ctttcaatge cccatatgaa 840
tacatgtgaa ctccctceect ctettectee ctgtcectectt ctectectcectet ctgtecectcea 900
ttaaaaaata aaatttaaga aaaaaataca aggtagattt acacaaatag tgggatctca 960

gtcttgagtt agctgtgtat gactgaaaag gatgctgtgg ttaataatta tcataaaaac 1020
aatgacatgg ccggg 1035
<210> SEQ ID NO 45

<211> LENGTH: 881

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 45

gaggcagtte tgttgccact ctctctectg tcaatgatgg atctcagaaa taccccagec 60
aaatctctgg acaagttcat tgaagactat ctettgccag acacgtgttt ccgcatgcaa 120
atcaaccatg ccattgacat catctgtggg ttectgaagg aaaggtgctt ccgaggtage 180
tcctaccetyg tgtgtgtgte caaggtggta aagtgtaaga agaagcttgyg gaagctgcca 240
cctcagtatg ccctggaget cctgacggte tatgettggg agecgagggag catgaaaaca 300
catttcaaca cagcccaggg atttcggacg gtettggaat tagtcataaa ctaccagcaa 360
ctetgeatet actggacaaa gtattatgac tttaaaaacc ccattattga aaagtacctg 420
agaaggcagce tcacgaaacc caggtaaacc tcacactggt tggcagaagyg aactatccaa 480
taattagtga acatgcggtg aatttgcaac agacaagasg agcctcatta tcctatagtt 540
tccaggttge ttagggaggc agaaatcaca gcaaggaaaa ccttcaataa taaacagacg 600
tctcataaaa ttaattgcaa cccaacctcet ctetctactt aaaattagca tctatttcca 660
getetgettt caatgcccca tatgaataca tgtgaactce ctecctetet tectecctgt 720
ctecttetet ctetetetgt cectcattaa aaaataaaat ttaagaaaaa aatacaaggt 780
agatttacac aaatagtggg atctcagtct tgagttaget gtgtatgact gaaaaggatg 840
ctgtggttaa taattatcat aaaaacaatg acatggccgg g 881

<210> SEQ ID NO 46
<211> LENGTH: 224
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<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 31
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Asp or Asn
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 122
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Asn or Thr
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 172
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Pro or Ser
<220> FEATURE:
<221> NAME/KEY: VARIANT
<222> LOCATION: 214
<220> FEATURE:
<223> OTHER INFORMATION: Xaa is Arg or Gly
<400> SEQUENCE: 46
Met Met Asp Leu Arg Asn Thr Pro Ala Lys Ser Leu Asp Lys Phe Ile
1 5 10 15
Glu Asp Tyr Leu Leu Pro Asp Thr Cys Phe Arg Met Gln Ile Xaa His
20 25 30
Ala Ile Asp Ile Ile Cys Gly Phe Leu Lys Glu Arg Cys Phe Arg Gly
35 40 45
Ser Ser Tyr Pro Val Cys Val Ser Lys Val Val Lys Cys Lys Lys Lys
50 55 60
Leu Gly Lys Leu Pro Pro Gln Tyr Ala Leu Glu Leu Leu Thr Val Tyr
65 70 75 80
Ala Trp Glu Arg Gly Ser Met Lys Thr His Phe Asn Thr Ala Gln Gly
85 90 95
Phe Arg Thr Val Leu Glu Leu Val Ile Asn Tyr Gln Gln Leu Cys Ile
100 105 110
Tyr Trp Thr Lys Tyr Tyr Asp Phe Lys Xaa Pro Ile Ile Glu Lys Tyr
115 120 125
Leu Arg Arg Gln Leu Thr Lys Pro Arg Pro Val Ile Leu Asp Pro Ala
130 135 140
Asp Pro Thr Gly Asn Leu Gly Gly Gly Asp Pro Lys Gly Trp Arg Gln
145 150 155 160
Leu Ala Gln Glu Ala Glu Ala Trp Leu Asn Tyr Xaa Cys Phe Lys Asn
165 170 175
Trp Asp Gly Ser Pro Val Ser Ser Trp Ile Leu Leu Val Asn Leu Thr
180 185 190
Leu Val Gly Arg Arg Asn Tyr Pro Ile Ile Ser Glu His Ala Val Asn
195 200 205
Leu Gln Gln Thr Arg Xaa Ala Ser Leu Ser Tyr Ser Phe Gln Val Ala
210 215 220

<210> SEQ ID NO 47

<211> LENGTH: 137

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 31

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Asp or Asn

<220> FEATURE:
<221> NAME/KEY: VARIANT
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140

<222> LOCATION: 122
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 47

Met Met Asp Leu Arg Asn
1 5

Glu Asp Tyr Leu Leu Pro
20

Ala Ile Asp Ile Ile Cys
35

Ser Ser Tyr Pro Val Cys
50

Leu Gly Lys Leu Pro Pro
65 70

Ala Trp Glu Arg Gly Ser
85

Phe Arg Thr Val Leu Glu
100

Tyr Trp Thr Lys Tyr Tyr
115

Leu Arg Arg Gln Leu Thr
130

<210> SEQ ID NO 48
<211> LENGTH: 346
<212> TYPE: PRT

Xaa is

Thr Pro

Asp Thr

Gly Phe
40

Val Ser
55

Gln Tyr

Met Lys

Leu Val

Asp Phe

120

Lys Pro
135

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 31
<220> FEATURE:

<223> OTHER INFORMATION:

<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 115
<220> FEATURE:

<223> OTHER INFORMATION:

<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 127
<220> FEATURE:

<223> OTHER INFORMATION:

<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 162
<220> FEATURE:

<223> OTHER INFORMATION:

<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 280
<220> FEATURE:

<223> OTHER INFORMATION:

<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 330
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 48

Met Met Asp Leu Arg Asn
1 5

Glu Asp Tyr Leu Leu Pro
20

Ala Ile Asp Ile Ile Cys
35

Xaa is

Xaa is

Xaa is

Xaa is

Xaa is

Xaa is

Thr Pro

Asp Thr

Gly Phe
40

Asn

Ala

Cys

25

Leu

Lys

Ala

Thr

Ile

105

Lys

Arg

Asp

Leu

Gly

Ser

Asn

Pro

Ala

Cys
25

Leu

or Thr

Lys Ser Leu Asp Lys Phe
10 15

Phe Arg Met Gln Ile Xaa
30

Lys Glu Arg Cys Phe Arg
45

Val Val Lys Cys Lys Lys
60

Leu Glu Leu Leu Thr Val
75

His Phe Asn Thr Ala Gln
90 95

Asn Tyr Gln Gln Leu Cys
110

Xaa Pro Ile Ile Glu Lys
125

or Asn

or Phe

or Arg

or Gly

or Thr

or Ser

Lys Ser Leu Asp Lys Phe
10 15

Phe Arg Met Gln Ile Xaa
30

Lys Glu Arg Cys Phe Arg
45

Ile

His

Gly

Lys

Tyr

80

Gly

Ile

Tyr

Ile

His

Gly
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Ser Ser Tyr Pro Val
50

Cys

Gly Lys Gly Thr Thr Leu

65

70

Phe Leu Ser Pro Leu Thr

Glu Phe

Arg Ala Xaa Ser Val

85

Ile Gln Glu Ile
100

Lys
115

Pro Arg Ala Leu Ser Phe
130

Val Glu Phe Asp Val

145

Leu
150

Gly Xaa Tyr Lys Pro Asn

Cys

165

Thr Asp Leu Gln Lys

180

Leu Gln Arg Asp Phe Leu

195

Ile Arg Leu Val Lys His
210

Lys
225

Glu Arg Gly Ser Met

Thr Val

Thr Lys

Arg Gln Leu Thr Lys

Leu Pro Pro Gln Tyr

230

Lys
245

Leu Glu Leu Val
260

Tyr Tyr Asp Phe
275

Pro

290

Thr Gly Asn Leu Gly Gly

305

310

Gln Glu Ala Glu Ala Trp

325

Gly Ser Pro Val Ser Ser

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>
<220>
<221>
<222>
<220>
<223>
<220>

340

SEQ ID NO 49
LENGTH: 334
TYPE: PRT

Val

55

Arg

Thr

Arg

Phe

Val

135

Pro

Pro

Glu

Lys

Trp

215

Ala

Thr

Ile

Lys

Arg

295

Gly

Leu

Trp

ORGANISM: Homo sapiens

FEATURE:
NAME/KEY: VARIANT
LOCATION: 31
FEATURE:

OTHER INFORMATION:

FEATURE:
NAME/KEY: VARIANT
LOCATION: 115
FEATURE:

OTHER INFORMATION:

FEATURE:
NAME/KEY: VARIANT
LOCATION: 127
FEATURE:

OTHER INFORMATION:

FEATURE:

Xaa

Xaa

Xaa

Ser

Gly

Phe

Arg

Glu

120

Leu

Ala

Gln

Gly

Gln

200

Tyr

Leu

His

Asn

Xaa

280

Pro

Asp

Asn

Ile

Lys

Arg

Gln

Gln

105

Val

Ser

Phe

Ile

Glu

185

Arg

Gln

Glu

Phe

Tyr

265

Pro

Val

Pro

Tyr

Leu
345

Val

Ser

Asp

90

Leu

Gln

Ser

Asp

Tyr

170

Phe

Pro

Asn

Leu

Asn

250

Gln

Ile

Ile

Lys

Xaa

330

Leu

Val

Asp

75

Gln

Glu

Ala

Leu

Ala

155

Val

Ser

Thr

Cys

Leu

235

Thr

Gln

Ile

Leu

Gly

315

Cys

is Asp or Asn

is Leu or Phe

is Gly or Arg

Lys Gly Gly Ser
60

Ala Asp Leu Val
Leu Asn Arg Arg
95

Ala Cys Gln Arg
110

Pro Arg Trp Xaa
125

Gln Leu Gly Glu
140

Leu Gly Gln Leu

Leu Ile Glu
175

Lys

Phe Thr
190

Thr Cys

Lys Leu Lys Ser

205
Lys Leu
220

Lys Lys

Thr Val Tyr Ala

Ala Gln Gly Phe

255
Leu Cys Ile Tyr
270

Glu Lys
285

Tyr Leu

Asp Pro Ala Asp
300

Trp Arg Gln Leu

Phe Lys Asn Trp
335

Ser

Val

80

Gly

Glu

Asn

Gly

Thr

160

Glu

Glu

Leu

Gly

Trp

240

Arg

Trp

Arg

Pro

Ala

320

Asp
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<221> NAME/KEY: VARIANT

<222> LOCATION: 162

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Ser or Gly
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 280

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Asn or Thr
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 330

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Pro or Ser

<400> SEQUENCE: 49

Met Met Asp Leu Arg Asn Thr Pro Ala Lys Ser Leu Asp Lys Phe Ile
1 5 10 15

Glu Asp Tyr Leu Leu Pro Asp Thr Cys Phe Arg Met Gln Ile Xaa His
20 25 30

Ala Ile Asp Ile Ile Cys Gly Phe Leu Lys Glu Arg Cys Phe Arg Gly
35 40 45

Ser Ser Tyr Pro Val Cys Val Ser Lys Val Val Lys Gly Gly Ser Ser
50 55 60

Gly Lys Gly Thr Thr Leu Arg Gly Arg Ser Asp Ala Asp Leu Val Val
65 70 75 80

Phe Leu Ser Pro Leu Thr Thr Phe Gln Asp Gln Leu Asn Arg Arg Gly
85 90 95

Glu Phe Ile Gln Glu Ile Arg Arg Gln Leu Glu Ala Cys Gln Arg Glu
100 105 110

Arg Ala Xaa Ser Val Lys Phe Glu Val Gln Ala Pro Arg Trp Xaa Asn
115 120 125

Pro Arg Ala Leu Ser Phe Val Leu Ser Ser Leu Gln Leu Gly Glu Gly
130 135 140

Val Glu Phe Asp Val Leu Pro Ala Phe Asp Ala Leu Gly Gln Leu Thr
145 150 155 160

Gly Xaa Tyr Lys Pro Asn Pro Gln Ile Tyr Val Lys Leu Ile Glu Glu
165 170 175

Cys Thr Asp Leu Gln Lys Glu Gly Glu Phe Ser Thr Cys Phe Thr Glu
180 185 190

Leu Gln Arg Asp Phe Leu Lys Gln Arg Pro Thr Lys Leu Lys Ser Leu
195 200 205

Ile Arg Leu Val Lys His Trp Tyr Gln Asn Cys Lys Lys Lys Leu Gly
210 215 220

Lys Leu Pro Pro Gln Tyr Ala Leu Glu Leu Leu Thr Val Tyr Ala Trp
225 230 235 240

Glu Arg Gly Ser Met Lys Thr His Phe Asn Thr Ala Gln Gly Phe Arg
245 250 255

Thr Val Leu Glu Leu Val Ile Asn Tyr Gln Gln Leu Cys Ile Tyr Trp
260 265 270

Thr Lys Tyr Tyr Asp Phe Lys Xaa Pro Ile Ile Glu Lys Tyr Leu Arg
275 280 285

Arg Gln Leu Thr Lys Pro Arg Pro Val Ile Leu Asp Pro Ala Asp Pro
290 295 300

Thr Gly Asn Leu Gly Gly Gly Asp Pro Lys Gly Trp Arg Gln Leu Ala
305 310 315 320

Gln Glu Ala Glu Ala Trp Leu Asn Tyr Xaa Cys Phe Lys Asn
325 330
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-continued

<210> SEQ ID NO 50

<211> LENGTH: 353

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 31

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Asp or Asn

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 115

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Leu or Phe

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 127

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Gly or Arg

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 162

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Ser or Gly

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 280

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Asn or Thr

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 330

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Pro or Ser

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: (352)...(0

<220> FEATURE:

<223> OTHER INFORMATION: Xaa is Ala or Thr

<400> SEQUENCE: 50

Met Met Asp Leu Arg Asn Thr Pro Ala Lys Ser Leu Asp Lys Phe Ile

1 5 10 15

Glu Asp Tyr Leu Leu Pro Asp Thr Cys Phe Arg Met Gln Ile Xaa His
20 25 30

Ala Ile Asp Ile Ile Cys Gly Phe Leu Lys Glu Arg Cys Phe Arg Gly

35 40 45
Ser Ser Tyr Pro Val Cys Val Ser Lys Val Val Lys Gly Gly Ser Ser
50 55 60

Gly Lys Gly Thr Thr Leu Arg Gly Arg Ser Asp Ala Asp Leu Val Val

65 70 75 80

Phe Leu Ser Pro Leu Thr Thr Phe Gln Asp Gln Leu Asn Arg Arg Gly

85 90 95

Glu Phe Ile Gln Glu Ile Arg Arg Gln Leu Glu Ala Cys Gln Arg Glu
100 105 110

Arg Ala Xaa Ser Val Lys Phe Glu Val Gln Ala Pro Arg Trp Xaa Asn

115 120 125
Pro Arg Ala Leu Ser Phe Val Leu Ser Ser Leu Gln Leu Gly Glu Gly
130 135 140

Val Glu Phe Asp Val Leu Pro Ala Phe Asp Ala Leu Gly Gln Leu Thr

145 150 155 160

Gly Xaa Tyr Lys Pro Asn Pro Gln Ile Tyr Val Lys Leu Ile Glu Glu

165 170 175

Cys Thr Asp Leu Gln Lys Glu Gly Glu Phe Ser Thr Cys Phe Thr Glu

180 185 190
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Leu

Ile

Lys

225

Glu

Thr

Thr

Arg

Thr

305

Gln

Gly

Asp

Gln

Arg

210

Leu

Arg

Val

Lys

Gln

290

Gly

Glu

Ser

Arg

195

Leu

Pro

Gly

Leu

Tyr

275

Leu

Asn

Ala

Pro

Asp

Val

Pro

Ser

Glu

260

Tyr

Thr

Leu

Glu

Val
340

Phe

Lys

Gln

Met

245

Leu

Asp

Lys

Gly

Ala

325

Ser

<210> SEQ ID NO 51

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Met Asp Leu

1

Glu

Ala

Ser

Gly

65

Phe

Glu

Glu

Asn

Gly
145
Thr

Glu

Glu

Asp

Ile

Ser

50

Lys

Leu

Phe

Arg

Pro

130

Val

Asp

Cys

Leu

Tyr

Asp

35

Tyr

Gly

Ser

Ile

Ala

115

Arg

Glu

Gly

Thr

Gln
195

Leu

20

Ile

Pro

Thr

Pro

Gln

100

Phe

Ala

Phe

Tyr

Tyr

180

Arg

335

Pan
51

Arg

Leu

Ile

Val

Thr

Leu

85

Glu

Ser

Leu

Asp

Lys

165

Leu

Asp

Leu

His

Tyr

230

Lys

Val

Phe

Pro

Gly

310

Trp

Ser

Lys

Trp

215

Ala

Thr

Ile

Lys

Arg

295

Gly

Leu

Trp

Gln

200

Tyr

Leu

His

Asn

Xaa

280

Pro

Asp

Asn

Ile

troglodytes

Asn

Pro

Cys

His

Leu

70

Thr

Ile

Val

Ser

Val

150

Pro

Gln

Phe

Thr

Asp

Gly

Val

55

Arg

Thr

Arg

Lys

Phe

135

Leu

Asp

Lys

Leu

Pro

Lys

Phe

40

Ser

Gly

Phe

Arg

Phe

120

Val

Pro

Pro

Glu

Lys
200

Arg

Gln

Glu

Phe

Tyr

265

Pro

Val

Pro

Tyr

Leu
345

Ala

Cys

25

Leu

Lys

Arg

Gln

Gln

105

Glu

Leu

Ala

Gln

Gly
185

Gln

Pro

Asn

Leu

Asn

250

Gln

Ile

Ile

Lys

Xaa

330

Leu

Lys

10

Phe

Lys

Val

Ser

Asp

90

Leu

Val

Ser

Phe

Ile
170

Glu

Arg

Thr

Cys

Leu

235

Thr

Gln

Ile

Leu

Gly

315

Cys

Ala

Ser

Arg

Glu

Val

Asp

75

Gln

Glu

Gln

Ser

Asp
155
Tyr

Phe

Pro

Lys

Lys

220

Thr

Ala

Leu

Glu

Asp

300

Trp

Phe

Glu

Leu

Lys

Arg

Lys

60

Ala

Leu

Ala

Ala

Leu

140

Ala

Val

Ser

Thr

Leu

205

Lys

Val

Gln

Cys

Lys

285

Pro

Arg

Lys

Ser

Asp

Gln

Cys

45

Gly

Asp

Asn

Cys

Pro

125

Gln

Leu

Lys

Thr

Lys
205

Lys

Lys

Tyr

Gly

Ile

270

Tyr

Ala

Gln

Asn

Asn
350

Lys

Ile

30

Phe

Gly

Leu

Arg

Gln

110

Arg

Leu

Gly

Leu

Cys
190

Leu

Ser

Leu

Ala

Phe

255

Tyr

Leu

Asp

Leu

Trp

335

Ser

Phe

15

Asn

Gln

Ser

Val

Arg

95

Arg

Trp

Gly

Gln

Ile
175

Phe

Lys

Leu

Gly

Trp

240

Arg

Trp

Arg

Pro

Ala

320

Asp

Xaa

Ile

His

Gly

Ser

Val

80

Gly

Glu

Asp

Glu

Leu

160

Glu

Thr

Ser
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Leu

Gly

225

Trp

Arg

Trp

Arg

Pro

305

Ala

Ile

210

Lys

Glu

Thr

Thr

Arg

290

Thr

Gln

Arg

Leu

Gln

Val

Lys

275

Gln

Gly

Glu

Leu

Pro

Gly

Leu

260

Tyr

Leu

Asn

Ala

Val Lys
Pro Gln
230

Ser Met
245

Glu Leu

Tyr Asp

Thr Lys

Leu Gly

310

Glu Ala
325

<210> SEQ ID NO 52

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Pro
1

Asp

Ile

Val Ile Leu

Pro Lys Gly

20

Tyr Pro Cys

35

Leu Leu Ala

50

58

Gorilla
52

Asp Pro

Trp Arg

Phe Lys

Glu Ser

<210> SEQ ID NO 53

<211> LENGTH:

<212> TYPE: DNA

<213> ORGANISM: Pan

<400> SEQUENCE:

ctggcacaag aggctgagge ctggctgaat tacccatget ttaagaattg agatgggtcece

101

53

His

215

Tyr

Glu

Val

Phe

Pro

295

Gly

Trp

Trp

Ala

Thr

Ile

Glu

280

Arg

Gly

Leu

gorilla

Ala

Gln

Asn

Asp
55

Asp

Leu

Trp

40

Ser

troglodytes

Tyr

Leu

Asp

Asn

265

Asn

Pro

Asp

Asn

Pro

Ala

Asp

Gly

Gln

Glu

Phe

250

Tyr

Pro

Val

Pro

Tyr
330

Thr
10
Gln

Gly

Arg

Asn Cys Lys
220

Leu Leu Thr
235

Asn Thr Ala

Gln Gln Leu

Ile Ile Glu
285

Ile Leu Asp
300

Lys Gly Trp
315

Pro Cys Phe

Gly Asn Leu

Glu Ala Glu

Ser Pro Val
45

ccagtgaget cctggattet getggtgaga cctectgett ¢

<210>
<211>
<212>
<213>

<400>

ctcectgatg tgatcatgtg tcetcaccett tcaggctgaa agcgacagtyg gacgatgaga

SEQUENCE :

SEQ ID NO 54
LENGTH:
TYPE: DNA
ORGANISM: Gorilla gorilla

100

54

ccgacgatce caggaggtat cagaaatatg gttacattgg

<210>
<211>
<212>
<213>

<400>

gaggcaguuc uguugccacu cucucuccug ucaaugaugg aucucagaaa uaccccagec

SEQUENCE :

SEQ ID NO 55
LENGTH:
TYPE: RNA
ORGANISM: Pan troglodytes

1319

55

Lys Lys

Val Tyr

Gln Glu
255

Cys Ile
270

Lys Tyr

Pro Ala

Arg Gln

Lys Asn
335

Gly Gly
15

Ala Trp
30

Ser Ser

Leu

Ala

240

Phe

Tyr

Leu

Asp

Leu
320

Gly

Leu

Trp

60

101

60

100

60
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aaaucucugg acaaguucau ugaagacuau cucuugcecag acaaguguuu ccgcaagcaa 120
aucaaccaug ccauugacau caucuguggg uuccugaagg aaaggugcuu ccaagguagce 180
uccuacccug ugcauguguc caagguggua aaggguggcu ccucaggcaa gggcaccacc 240
cucagaggcce gaucugacge ugaccugguu gucuuccuca guccucucac cacuuuucag 300
gaucaguuaa aucgccgggg agaguucauc caggaaauua ggagacagcu ggaagccugu 360
caaagagagg agagagcauu uuccgugaag uuugaggucc aggcuccacg cugggacaac 420
ccecogugage ucagcuucgu acugaguucg cuccageucg gggagggggu ggaguucgau 480
gugcugecug ccuuugauge ccugggucag uugacugacg gcuauaaacc ugacccccaa 540
aucuauguca agcucaucga ggagugcacce uaccugcaga aagagggega guucuccace 600
ugcuucacag aacuacagag agacuuccug aagcagcgec ccaccaagcu caagagecuc 660
auccgccuag ucaagcacug guaccaaaau uguaagaaga agcuugggaa gceugccaccu 720
caguaugccece uggagcuccu gacggucuau gcuugggage aagggagceau ggaaacagau 780
uucaacacag cccaggaauu ucggacgguc uuggaauuag ucauaaacua ccagcaacuc 840
ugcaucuacu ggacaaagua uuaugacuuu gaaaacccca uuauugaaaa guaccugaga 900
aggcagcuca cgaaacccag gocugugauc cuggacccegg cggacccuac aggaaacuug 960
ggugguggag acccaaaggg uuggaggcag cuggcacaag aggcugaggce cuggeugaau 1020
uacccaugcu uuaagaauug agaugggucc ccagugagcu ccuggauucu gcuggugaga 1080
couccugcuu ccucccugee auucauccecu geecccucuce augaageuug agacauauag 1140
cuggagacca uucuuuccaa agaacuuace ucuugccaaa ggccauuuau auucauauag 1200
ugacaggcug ugcuccauau uuuacaguua uuuuggucac aaucgagggu uucuggaauu 1260
uucacaucce uuguccagaa uucauucccc uaagaguaau aauaaauaau cucuaacac 1319
<210> SEQ ID NO 56
<211> LENGTH: 666
<212> TYPE: RNA
<213> ORGANISM: Gorilla gorilla
<400> SEQUENCE: 56
gecugugauc cuggacccgg cagacccuac aggaaacuug ggugguggayg acccaaaggg 60
uuggaggcag cuggcacaag aggcugaggce cuggcugaau uacccaugcu uuaagaauug 120
ggauggguce ccagugagcu ccuggauucu gcuggcugaa agcgacagug gacgaugaga 180
ccgacgaucce caggagguau cagaaauaug guuacauugg aacacaugag uacccucauu 240
ucucucauag acccagcaca cuccaggcag cauccaccee acaggcagaa gaggacugga 300
ccugcaccau ccucugaaug cyagugcauc uugggggaaa gggceuccagu guuaucugga 360
ccaguuccuu cauuuucagg ugggacucuu gauccagaga ggacaaagcu ccucagugag 420
cugguguaua auccaggaca gaacccaggu cuccugacuc cuggccuucu augceccucua 480
uccuaucaua gauaacauuc uccacagccu cacuucauuc caccuauucu cugaaaauau 540
ucccugagag agaacagaga gauuuagaua agagaaugaa auuccagccu ugacuuucuu 600
cugugcaccu gaugggaggg uuaugucuaa uguauuauca auaacaguaa aaauaaagca 660
aaugcce 666

<210> SEQ ID NO 57
<211> LENGTH: 101

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
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154

<220> FEATURE:
<223> OTHER INFORMATION: Amplicon C

<400> SEQUENCE: 57
taacgcatge ctgtagtccee aggtattcag gaggetgggg caggaggate scttgaaccce

aggaagttga ggttgcacga gtcatgatca tgecectgea ¢

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 58

LENGTH: 101

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Amplicon D

SEQUENCE: 58

gacaggaagt gtaacctctc agaggctcce ttgccacatce aggagaattyg rtaaaaccac

actacctgta tcatatcatt attttaagtg ataaatgatc a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 59

LENGTH: 101

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Amplicon E

SEQUENCE: 59

tagcattagg tatatctecct aatgctatce ctecccaatt cececcacce mgettgttgg

tatttgtata tcttcatttg agaattctct gttcatgtee t

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 60

LENGTH: 101

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Amplicon B

SEQUENCE: 60

gtgcatctty ggggaaaggg ctccagtgtt atctggacca gttectteat kttecaggtgg

gactcttgat ccagagarga caaagctcct cagtgagetg g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 61

LENGTH: 101

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Amplicon F

SEQUENCE: 61

gaaaaattat agaacctccce tgtgtgacac agcagccact agccacatgt rtcaaatget

taaaatgtag ctagtctaaa tctacatgtg ctgtgagtge a

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 62

LENGTH: 101

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Amplicon G

SEQUENCE: 62

atgcttctat aggettttet cactgatget ctetgggeag acaggetect yaatatgaga

gtgacacaca ctcctttett cattttcagg taaacctcac a

60

101

60

101

60

101

60

101

60

101

60

101
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<210> SEQ ID NO 63

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Amplicon G

<400> SEQUENCE: 63
cctttettea ttttecaggta aacctcacac tggttggcag aaggaactat accaataatt

agtgaacatyg cggtgaattt gcaacagaca agasgagcct ¢

<210> SEQ ID NO 64

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Amplicon G

<400> SEQUENCE: 64
gaactatacc aataattagt gaacatgcgg tgaatttgca acagacaaga sgagectcat

tatcctatag tttccaggtt gettagggag gcagaaatca ¢

<210> SEQ ID NO 65

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplicon C primer

<400> SEQUENCE: 65

cacaagagtyg aaccttaatg t

<210> SEQ ID NO 66

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplicon C primer

<400> SEQUENCE: 66

ccaggaagtyg gaaagatcat

<210> SEQ ID NO 67

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplicon D primer

<400> SEQUENCE: 67

atctcccaca gtttgagage

<210> SEQ ID NO 68

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplicon D primer

<400> SEQUENCE: 68

tcagccteca aaagtgttgg

<210> SEQ ID NO 69
<211> LENGTH: 20

60

101

60

101

21

20

20

20
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplicon E primer

<400> SEQUENCE: 69

gggtacatgt gcacaatgtg

<210> SEQ ID NO 70

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplicon E primer

<400> SEQUENCE: 70

cccttataca aaattcaact ¢

<210> SEQ ID NO 71

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplicon F primer

<400> SEQUENCE: 71

gagccaagaa gtacagatge

<210> SEQ ID NO 72

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplicon F primer

<400> SEQUENCE: 72

aggacagagc tgtccaatag

<210> SEQ ID NO 73

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplicon G primer

<400> SEQUENCE: 73

ggctcagaga agctaagtga

<210> SEQ ID NO 74

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Amplicon G primer

<400> SEQUENCE: 74

ccacagcate cttttecagte

<210> SEQ ID NO 75

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Conserved domain

<400> SEQUENCE: 75

20

21

20

20

20

20
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Phe Leu Lys Glu Arg Cys Phe Arg
1 5

<210> SEQ ID NO 76

<211> LENGTH: 28

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Conserved domain

<400> SEQUENCE: 76

Val Ser Lys Val Val Lys Gly Gly Ser Ser Gly Lys Gly Thr Thr Leu
1 5 10 15

Arg Gly Arg Ser Asp Ala Asp Leu Val Val Phe Leu
20 25

<210> SEQ ID NO 77

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Conserved domain

<400> SEQUENCE: 77

Arg Arg Gly Glu Phe Ile Gln Glu Ile Arg Arg Gln Leu Glu Ala Cys
1 5 10 15

Gln Arg Glu

<210> SEQ ID NO 78

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Conserved domain

<400> SEQUENCE: 78

Asn Pro Arg Ala Leu Ser Phe Val Leu Ser Ser
1 5 10

<210> SEQ ID NO 79

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Conserved domain

<400> SEQUENCE: 79

Val Glu Phe Asp Val Leu Pro Ala Phe Asp Ala Leu Gly Gln
1 5 10

<210> SEQ ID NO 80

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Conserved domain

<400> SEQUENCE: 80

Lys Glu Gly Glu Phe Ser Thr Cys Phe Thr Glu Leu Gln Arg Asp Phe
1 5 10 15

Leu
<210> SEQ ID NO 81

<211> LENGTH: 17
<212> TYPE: PRT
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Conserved domain

<400> SEQUENCE: 81

Arg Pro Thr Lys Leu Lys Ser Leu Ile Arg Leu Val Lys His Trp Tyr
1 5 10 15

Gln

<210> SEQ ID NO 82

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Conserved domain

<400> SEQUENCE: 82

Lys Leu Pro Pro Gln Tyr Ala Leu Glu Leu Leu Thr Val Tyr Ala Trp
1 5 10 15

Glu

<210> SEQ ID NO 83

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Conserved domain

<400> SEQUENCE: 83

Pro Val Ile Leu Asp Pro Ala Asp Pro Thr Gly Asn
1 5 10

<210> SEQ ID NO 84

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Conserved domain

<400> SEQUENCE: 84

Gly Ser Pro Val Ser Ser Trp
1 5

<210> SEQ ID NO 85

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Protein transduction domain

<400> SEQUENCE: 85

Tyr Gly Arg Lys Lys Arg Arg Gln Arg Arg Arg
1 5 10

<210> SEQ ID NO 8¢

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Protein transduction domain

<400> SEQUENCE: 86

Arg Gln Ile Lys Ile Trp Phe Gln Asn Arg Arg Met Lys Trp Lys Lys
1 5 10 15
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<210> SEQ ID NO 87

<211> LENGTH: 301

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Protein transduction domain

<400> SEQUENCE: 87

Met Thr Ser Arg Arg Ser Val Lys Ser Gly Pro Arg Glu Val Pro Arg
1 5 10 15

Asp Glu Tyr Glu Asp Leu Tyr Tyr Ile Pro Ser Ser Gly Met Ala Ser
20 25 30

Pro Asp Ser Pro Pro Asp Thr Ser Arg Arg Gly Ala Leu Gln Thr Arg
35 40 45

Ser Arg Gln Arg Gly Glu Val Arg Phe Val Gln Tyr Asp Glu Ser Asp
50 55 60

Tyr Ala Leu Tyr Gly Gly Ser Ser Ser Glu Asp Asp Glu His Pro Glu
65 70 75 80

Val Pro Arg Thr Arg Arg Pro Val Ser Gly Ala Val Leu Ser Gly Pro

Gly Pro Ala Arg Ala Pro Pro Pro Pro Ala Gly Ser Gly Gly Ala Gly
100 105 110

Arg Thr Pro Thr Thr Ala Pro Arg Ala Pro Arg Thr Gln Arg Val Ala
115 120 125

Thr Lys Ala Pro Ala Ala Pro Ala Ala Glu Thr Thr Arg Gly Arg Lys
130 135 140

Ser Ala Gln Pro Glu Ser Ala Ala Leu Pro Asp Ala Pro Ala Ser Thr
145 150 155 160

Ala Pro Thr Arg Ser Lys Thr Pro Ala Gln Gly Leu Ala Arg Lys Leu
165 170 175

His Phe Ser Thr Ala Pro Pro Asn Pro Asp Ala Pro Trp Thr Pro Arg
180 185 190

Val Ala Gly Phe Asn Lys Arg Val Phe Cys Ala Ala Val Gly Arg Leu
195 200 205

Ala Ala Met His Ala Arg Met Ala Ala Val Gln Leu Trp Asp Met Ser
210 215 220

Arg Pro Arg Thr Asp Glu Asp Leu Asn Glu Leu Leu Gly Ile Thr Thr
225 230 235 240

Ile Arg Val Thr Val Cys Glu Gly Lys Asn Leu Leu Gln Arg Ala Asn
245 250 255

Glu Leu Val Asn Pro Asp Val Val Gln Asp Val Asp Ala Ala Thr Ala
260 265 270

Thr Arg Gly Arg Ser Ala Ala Ser Arg Pro Thr Glu Arg Pro Arg Ala
275 280 285

Pro Ala Arg Ser Ala Ser Arg Pro Arg Arg Pro Val Glu
290 295 300

<210> SEQ ID NO 88

<211> LENGTH: 560

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Protein transduction domain

<400> SEQUENCE: 88

Met Ser Arg Lys Leu Phe Ala Ser Ile Leu Ile Gly Ala Leu Leu Gly
1 5 10 15
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Ile

Ser

Lys

Ser

65

Thr

Pro

Leu

Lys

Thr

145

Leu

Asn

Glu

Gln

Ser

225

Lys

Glu

Glu

Lys

Ala

305

Asn

Ser

Ile

Ile

Phe

385

Asn

Asp

Gly

Ser

Pro

50

Gly

Asp

Leu

Thr

Glu

130

Glu

Ser

Trp

Thr

Ala

210

Cys

Ile

Ser

Glu

Thr

290

Trp

Leu

Val

Val

Pro

370

Val

Arg

Gly

Ala

Lys

35

Gly

Thr

Asn

Ser

Lys

115

Leu

Glu

Leu

Glu

Arg

195

Cys

Ile

Glu

Pro

Phe

275

Val

Ala

Glu

Met

Ala

355

Leu

Glu

Pro

Tyr

Pro

20

Ser

Tyr

Gln

Lys

Gly

100

Val

Gly

Phe

Pro

Gln

180

Gly

Ala

Asn

Ser

Asn

260

His

Thr

Val

Lys

Gly

340

Gln

Val

Ser

Ala

Ala
420

Pro

Phe

Val

Gly

Tyr

85

Lys

Leu

Leu

Ile

Phe

165

Ala

Lys

Gly

Leu

Leu

245

Lys

Gln

Gly

Asn

Thr

325

Ile

Ser

Gly

Ile

Tyr

405

Val

Ser

Val

Asp

Asn

70

Asp

Ala

Ala

Ser

Lys

150

Ala

Lys

Arg

Asn

Asp

230

Lys

Thr

Thr

Thr

Val

310

Thr

Ala

Ile

Glu

Ile

390

Ser

Ser

Ala

Met

Ser

55

Tyr

Ala

Gly

Leu

Leu

135

Arg

Glu

Ala

Gly

Arg

215

Trp

Glu

Val

Ala

Asn

295

Ala

Ala

Asp

Ala

Leu

375

Asn

Pro

Trp

His

Glu

40

Ile

Asp

Ala

Gly

Lys

120

Thr

Phe

Gly

Leu

Gln

200

Val

Asp

His

Ser

Leu

280

Pro

Gln

Ala

Gly

Leu

360

Val

Leu

Gly

Asn

Ala

Asn

Gln

Asp

Gly

Val

105

Val

Glu

Gly

Ser

Ser

185

Asp

Arg

Val

Gly

Glu

265

Glu

Val

Val

Leu

Ala

345

Ser

Asp

Phe

His

Thr
425

Gly

Phe

Lys

Asp

Tyr

90

Val

Asp

Pro

Asp

Ser

170

Val

Ala

Arg

Ile

Pro

250

Glu

His

Phe

Ile

Ser

330

Val

Ser

Ile

Gln

Lys

410

Val

Ala

Ser

Gly

Trp

75

Ser

Lys

Asn

Leu

Gly

155

Ser

Glu

Met

Ser

Arg

235

Ile

Lys

Pro

Ala

Asp

315

Ile

His

Leu

Gly

Val

395

Thr

Glu

Asp Asp Val Val

Ser

Ile

60

Lys

Val

Val

Ala

Met

140

Ala

Val

Leu

Tyr

Val

220

Asp

Lys

Ala

Glu

Gly

300

Ser

Leu

His

Met

Phe

380

Val

Gln

Asp

Tyr

45

Gln

Gly

Asp

Thr

Glu

125

Glu

Ser

Glu

Glu

Glu

205

Gly

Lys

Asn

Lys

Leu

285

Ala

Glu

Pro

Asn

Val

365

Ala

His

Pro

Ser

30
His

Lys

Phe

Asn

Tyr

110

Thr

Gln

Arg

Tyr

Ile

190

Tyr

Ser

Thr

Lys

Gln

270

Ser

Asn

Thr

Gly

Thr

350

Ala

Ala

Asn

Phe

Ile
430

Gly

Pro

Tyr

Glu

95

Pro

Ile

Val

Val

Ile

175

Asn

Met

Ser

Lys

Met

255

Tyr

Glu

Tyr

Ala

Ile

335

Glu

Gln

Tyr

Ser

Leu

415

Ile

Asp

Thr

Lys

Ser

80

Asn

Gly

Lys

Gly

Val

160

Asn

Phe

Ala

Leu

Thr

240

Ser

Leu

Leu

Ala

Asp

320

Gly

Glu

Ala

Asn

Tyr

400

His

Arg
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Thr

Asn

Lys

465

Lys

Arg

Ile

His
545

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Gly

Thr

450

Leu

Ile

Pro

Val

Ser

530

Thr

Phe

435

Pro

Asp

Arg

Lys

Ala

515

Ser

Lys

Gln

Leu

Val

Met

Ser

500

Phe

Asp

Val

PRT

SEQUENCE :

Gly

Pro

Asn

Arg

485

Pro

His

Ser

Asn

SEQ ID NO 89
LENGTH:
TYPE:
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Protein transduction domain

20

89

Glu

Ile

Lys

470

Cys

Val

Arg

Ile

Ser
550

Ser

Ala

455

Ser

Arg

Tyr

Ser

Gly

535

Lys

Gly

440

Gly

Lys

Ala

Val

Ser

520

Val

Leu

His

Val

Thr

Ile

Gly

505

Ser

Leu

Ser

Asp

Leu

His

Asp

490

Asn

Glu

Gly

Leu

Ile Lys
Leu Pro
460

Ile Ser
475

Gly Asp

Gly Val

Lys Ile

Tyr Gln

540

Phe Phe
555

Ile

445

Thr

Val

Val

His

His

525

Lys

Glu

Thr

Ile

Asn

Thr

Ala

510

Ser

Thr

Ile

Ala

Pro

Gly

Phe

495

Asn

Asn

Val

Lys

Glu

Gly

Arg

480

Cys

Leu

Glu

Asp

Ser
560

Gly Asp Ile Met Gly Glu Trp Gly Asn Glu Ile Phe Gly Ala Ile Ala

1

Gly Phe Leu Gly

<210>
<211>
<212>
<213>
<220>
<223>

20

PRT

<400> SEQUENCE:

1

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

12

5

SEQ ID NO 90
LENGTH: 7
TYPE:
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Protein transduction domain

90

SEQ ID NO 91
LENGTH:
TYPE:
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Protein transduction domain

91

Arg Arg Arg Arg Arg Arg Arg
5

10

Arg Arg Gln Arg Arg Thr Ser Lys Leu Met Lys Arg

10

1 5
<210> SEQ ID NO 92
<211> LENGTH: 27
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Protein transduction domain

<400> SEQUENCE:

92

15

Gly Trp Thr Leu Asn Ser Ala Gly Tyr Leu Leu Gly Lys Ile Asn Leu

1

5

10

15
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170

-continued

Lys Ala Leu Ala Ala Leu Ala Lys Lys Ile Leu

20 25
<210> SEQ ID NO 93
<211> LENGTH: 31
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Protein transduction domain

<400> SEQUENCE: 93

Trp Glu Ala Lys Leu Ala Lys Ala Leu Ala Lys Ala Leu Ala Lys Ala

1 5 10

15

His Leu Ala Lys Ala Leu Ala Lys Ala Leu Lys Ala Cys Glu Ala

20 25

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 94

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Protein transduction domain
<400>

SEQUENCE: 94

30

Lys Glu Thr Trp Trp Glu Thr Trp Trp Thr Glu Trp Ser Gln Pro Lys

1 5 10

Lys Lys Arg Lys Val
20

15

What is claimed is:

1. An isolated polypeptide consisting of the amino acid
sequence of SEQ ID NO:49 covalently attached to a protein
transduction domain.

2. The protein of claim 1 wherein the protein transduction
domain consists of the amino acid sequence of SEQ ID
NO:85.

3. The protein of claim 1 wherein the protein transduction
domain has at least 80% sequence similarity to the amino acid
sequence of SEQ ID NO:85.

4. An isolated polypeptide consisting of the amino acid
sequence of SEQ ID NO:49 wherein (a) the polypeptide is
covalently attached to polyethylene glycol, (b) the polypep-

35

40

tide is encapsulated in a liposome; (c) the polypeptide is
covalently attached to an endosome disrupting agent; or (b)
the polypeptide is noncovalently attached to an endosome
disrupting agent.

5. The isolated polypeptide of claim 4 wherein the endo-
some disrupting agent is pH sensitive.

6. An isolated polypeptide consisting of the amino acid
sequence of SEQ ID NO:49 covalently conjugated to a sugar
moiety.

7. The isolated polypeptide of claim 6 wherein the sugar
moiety is comprised of galactose or mannose.

#* #* #* #* #*



